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experienced and lessons learned on the project which also had major cost
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in 1980, design changes added almost 40% to the project cost (Encl 1),
including impacts (e.g., Case 61) disruptions, accelerations, overtime,
weather, etc.

3. Cursory review of some old (1975-79) field trip reports (Encls 2-9)
would indicate the need to elaborate in more detail, at least on the
following areas, to avoid recurrence and to enhance quality of similar work
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buying-back-time problems and cost increases to maintain promised power-
on-line dates. Obviously, it is not in the best interests of the Corps to
have a cofferdam built under a separate contract (which also had
modifications due to claims), thus ending up with government-furnished
dewatering problems passed on to the follow-up work contractor.

b. Rock excavation involving the $1.5-2.OM "dragon-teeth" VE savings
ended up adding about $3.5M to the cost of the service bridge, etc. All
foundation reinforcing steel and concrete formwork had to be custom-made to
fit the overbreaks (25%+) etc.

c. Quarry waste overruns (increased from the estimated 25% to about
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CENPD-CO-C will be covered in this report.

3. Please contact Mr. David D. Gembala, (206) 764-3711, CENPS-EG-G, for any
information or comments concerning the Foundation Report. Any additional
comments should be received by 30 September 1988. At that time the Geology
Section will prepare the report for final printing.

FOR THE COMMANDER:

R. P. ELLEVOLD, P.E."Chief, Engineering Division

CF:
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TABLE 1-1

PERTINENT DATA

General

Federal ID number WA 00299
Owner and operator U.S. Army Corps of Engineers, Seattle

District
County, State Douglas, Washington
Hazard potential Category 1 (High)

Location

Upstream from mouth of Columbia 545 miles
River

Upstream from Bridgeport, 1.5 miles
Washington

Downstream from Grand Coulee Dam 51.0 miles

Hydrology

Drainage area above dam 75,400 square miles
Flood peak, historical (1894) 740,000 c.f.s.
Flood peak, maximum recorded 638,000 c.f.s.

(1948) at Grand Coulee Dam
Mean annual streamflow at 113,200 c.f.s.

Bridgeport (1952-1981)
Mean annual regulated peak flow 190,000 c.f.s.

with treaty storage (based upon
1929-1958 routings)

Spillway design flood (SDF) 1,200,000 c.f.s.

Reservoir

Maximum pool elevation 958.8 feet*
*All elevations are based on National Geodetic Vertical Datum (NGVD)

Maximum regulated pool elevation 956 feet
Normal full pool (NFP) elevation 956 feet
Normal low pool elevation 950 feet
Minimum pool elevation 930 feet
Tailwater elevation at mean flow 782.3 feet

and Wells pool at elevation 779
Area, full pool 8,400 acres
Reservoir gross capacity (full pool) 593,000 acre-feet

Power pondage (for 5-foot drawdown) 38,000 acre-feet
Length of reservoir 51 miles
Shoreline of reservoir 106 miles
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TABLE 1-I (cont.)

PERTINENT DATA

Dam

Length right embankment 250+ feet
Length right nonoverflow monoliths 196 feet
Length spillway monoliths 980 feet
Length center nonoverflow monoliths 1,088.37 feet
Length intake monoliths 2,036 feet
Length closures monoliths 524.75 feet
Length left embankment 476+ feet
Length left buried core 416+ feet
Length of entire dam along axis* 5,962+ feet
*The total length of the dam is not equal to the sum of its individual sec-

tions because of the angle of intersection of the intake and closure
monoliths.

MaximLum height of structure from 230+ feet
bedrock to top of dam

Elevation top of dam 970 feet

Volume of concrete used in dam 1,731,240 c.y.

Spillway

Design discharge 1,200,000 c.f.s.
Crest length 19 bays at 36 feet
Gate number 19
Gate type Tainter
Gate width 36 feet
Gate height 58.2 feet
Gate radius 55 feet
Crest elevation 901.5 feet
Gate top elevation 958 feet

Top of dam elevation 970 feet
Spillway bridge elevation 970 feet
Gate hoist Individual drums with remote control in

the powerhouse for all gates
Gate seals Musical note rubber side seal
Frostproofing Odd-numbered gates, seals, and seal, by

oil heat system
Stilling Basin

Length 211 feet
Width 915 feet
Apron elevation 743 feet
End sill 11 feet high, 2 steps
Top of training wall elevation 810 feet
1948 flood tailwater Plevation 805.5 feet
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TABLE I-I (cont.)

PERTINENT DATA

Dan Intake Section

Type of structure Concrete gravity
Intake invert elevation 879 feet
Top elevation of structure 970 feet
Length 2,036 feet
Main Units:

Number of penstocks 27
Penstock diameter 25 feet
Penstock length 258 feet
Penstock shell thickness 5/8 inch to 1-1/4 inches
Number of gates 27 (plus I spare gate and 2 maintenanc,

bulkheads)
Gate size 22 feet by 34 feet
Full gate velocity 14.5 f.p.s.

Station Service Units:'

Number of penstocks 2
Penstock diameter 6 feet
Number of gates 2 (plus 1 maintenance bulkhead)
Gate size 8 feet by 8 feet

Powerhouse

Length 2,039 feet
Number of units 27
Height from bedrock 136 feet
Thickness of walls 5 feet
Inside width of generator room 68 feet

Main Units

Type Francis
Turbine Rating 117,700 hp @ 165 feet rated head (units

1-4, 15, and 16)

115,100 hp @ 165 feet rated head (units
5-14)

136,000 hp @ 163 feet rated head (units
17-27)

Manufacturer, turbines Newport News Ship Building and Drydock

Company (units 5-14), S. Morgan Smith
Company (units 1-4, 15, and 16), and
Hitachi American, Ltd. (units 17-27)

Generator rated 64,000kW (units 1-16) and
capacity per unit 95,O00kW (units 17-27)

Manufacturer, generators Westinghouse (units 1-16) and General
Electric (units 17-27)

Transformer number 21 plus 2 spare
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TABLE 1-1 (cont.)

PERTINENT DATA

Station Service Units

Number and type 2 Francis vertical shaft
Turbine rating 3,500 hp @ 165 feet net head
Generator rating 3,OOOkVA @ 0.8 p.f., 60-cycle, 3-phase

4,160 volts
Manufacturer, turbines Pelton Waterwheel Company
Manufacturer, generators Elliott Company

vii



SECTION 1. INTRODUCTION

1.01 Location and Description of Project. Chief Joseph Dam is located on the
Columbia River in north central Washington, 545 river miles (R.M.) above its
mouth and 51 R.M. below Grand Coulee Dam (figure 1-1). The river, originally
800 feet wide at the damsite, was confined between steep walls. The dam con-
sists of, from right to left (looking downstream), a 250-foot long right
embankment, 4,820.5 feet of concrete gravity sections, a 476-foot long left
embankment, and 416 feet of impervious cutoff core (figure 1-2). The concrete
gravity section consists of a nonoverflow section (monoliths 1-4), a spillway
section (monoliths 5-24), a nonoverflow section (monoliths 25 through 44, plus
A and B), an intake section (monoliths I through 27, plus S-1 and S-2), and a
closure section (monoliths C-1 through C-Il). The right abutment of the dam
is a terrace rising more than 250 feet above the riverbed. The lower 100 feet
of this terrace is openwork gravel with sand, while the upper 150 feet is
hard, glacial till. The left abutment is granitic bedrock which rises sharply
about 100 feet above the bed of the river and then continues upward in a
moderate and broken slope. The foundation is an irregular bedrock surface
composed of a suite of rock types collectively termed "granite".

The powerhouse additional units and structural modification work was proposed
in House Document 693, 79th Congress, Second Session, and authorized under the
1946 River and Harbor Act, as amended by the 1948 River and Harbor Act.

1.02 Purpose of Report. This report is prepared in accordance with
ER-III0-I-1801, dated 15 December 1981, as amended by changes 1 and 2, dated
30 June 1982 and 1 April 1983, which requires as-built foundation reports for
major construction projects. The purpose of this report is to ensure the pre-
servation for future use of complete records of foundation conditions encoun-
tered during construction and methods used to adapt structures to these condi-
tions. This report documents the final foundation conditions and treatment
for the powerhouse additional units 21-27; post construction instrumentation,
drain hole drilling and rock contour maps for the spillway, nonoverflow,
intake and closure monoliths; and for the left and right abutment exploration
and instrumentation programs.

1.03 Construction History. Initial construction started in 1949, and the
reservoir was first raised to normal operating pool, elevation 946 feet, in
July 1955. The first generating unit was placed on line in 1955 and the last
of the initial 16 units in 1958. In order to produce additional power, con-
struction of structural modifications to raise the pool elevation 10 feet and
install 11 additional units was started in 1974 and was completed in 1980.
The pool raise to elevation 956 feet occurred in February 1981. The struc-
tural modification consisted of raising the dam 10 feet (including the spill-
way monoliths, nonoverflow sections, and intake structure); removal and
rebuilding of the spillway piers; new gate installation; and adding additional
concrete mass to insure stability of the gravity structures with the higher
reservoir. To accommodate the 11 additional units, the powerhouse was
extended to a length of 2,039 feet and penstocks were added to the 11 spaces
provided during the initial construction in the 1950's. Powerhouse skeleton
bays 17 through 20 were provided during the initial construction.

i1
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The powerhouse additional units and structural modifications were constructed

by four major contracts. The initial contract, DACW67-75-C-0009, was awarded

to the William Gregory Company in August 1974. Items of work included

installation of 2-inch diameter rock bolts and 3-inch diameter companion drain

holes in the area below the intake structure. The second contract,

DACW67-75-C-0042, was awarded to Goodfellow Brothers, Inc. in November 1974.

This contract pro-vided the initial excavation and construction of the

powerhouse cofferdam. The third contract, DACW67-75-C-0077, was awarded to a

joint venture, S.J. Groves and Sons Co. and Granite Construction in March 1975

and included completion of the foundation excavation, dewatering systems, rock

bolts and drain holes and the structural portion of the powerhouse. The

fourth contract, DACW67-76-C-0043, was awarded to Peter Kiewit and Sons and

Standard Construction in March 1976 for structural modification to increase

height of the dam.

1.04 Acknowledgements. This report was originally drafted by Edward '.

Bailey, Project Geologist, Chief Joseph Dam and substantially modified by

Richard D. Eckerlin, Staff Geologist, Seattle District under the supervision

of David Gembala, District Geologist, and general supervision of Charles

Perry, Chief, Geotechnical Branch, Seattle District. During project construc-

tion, Robert Rudman was Resident Engineer and Richard Means was Project

Engineer.

The authors wish to acknowledge Kenneth D. Graybeal, Chief, Soils Section, and

Richard W. Galster, former Chief, Geology Section, for their careful review of

this document and their numerous valuable suggestions.

1.05 Construction Photographs. Refer to Appendix B for selected construction

photographs.
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SECTION 2. INVESTIGATIONS

2.01 Investigations Prior to Construction. Between 1967 and 1974 several
subsurface exploration programs were completed for investigation of the power-
house foundation, the aggregate borrow source, and the right bank blanket
addition. Subsurface powerhouse investigations began in 1967 with 24 borings
drilled into the foundation. Overburden was drilled and drive samples were
taken employing cable tool methods, while the granitic bedrock was core
drilled using a Sprague and Henwood drill. The additional powerhouse units 21
to 27 required excavation in the dry for the substructure, training wall and
rock excavation in the tailrace. In 1973 and 1974, 13 additional borings and
2 test wells were drilled to provide data for design of the cofferdam,
dewatering system, and excavation slope stability. The 13 borings were
drilled and sampled in overburden using a rotary drill and the foundation rock
was cored by diamond drill. The two test wells were drilled and sampled with
a cable tool drill. Borings logs are in appendix C.

In 1972, five piezometer borings were drilled on the right bank for extension
of the right bank impervious blanket. The borings were drilled into granitic
bedrock using a combination of air rotary and cable tool methods.

In 1973, three borings were drilled in the Government borrow area located
2 miles downstream from the dam (plate 3). Borings were drilled using a
Williams bucket auger. Samples were mechanically separated by shaker and
weighed at the site. In addition to the auger borings, five backhoe trenches
were excavated to confirm the extent of the gravelly material.

Stability analyses and monolith stress studies completed in the design phase
provided for prestressing in the spillway and intake monoliths. Need for pre-
stressing was later reevaluated and eliminated. In 1975, six prototype core
drill borings for tendon installation were completed in spillway monoliths 7
and 8, intake monolith 21 and closure monolith 2. Experimental drilling of
the prototype holes was varied to provide comparative information to bidders.
Boring logs and boring summaries for the structural modifications contract are
provided in appendix C.

2.02 Investigations During Construction. Powerhouse contract
DACW67-75-C-0077 provided for additional piezometer installations in the
powerhouse excavation. In 1975, 15 observation holes consisting of seven
6-inch diameter observation wells and eight well points were installed for the
dewatering system. Also in 1975, five wells were added to the cofferdam
interceptor seepage control drain system. In late 1975, 18 vertical holes
were drilled with a rotary drill from the cofferdam roadbed, through the

cofferdam and into bedrock to identify leakage zones. Six of the 18 borings
were used for grout injection to seal the leaky zones. In 1977, three
additional borings were drilled through cell 5 to check material condition.

5



Approximately 130 borings were drilled from temporary sluiceways within the
dam into the bedrock foundation to determine bedrock elevation for the struc-
tural stability analysis (see table 2-1). Rock surface exploration was trans-
lated into the bedrock contours shown on plates 14 and 16.

Uplift pressure cells were installed in selected sluiceway borings. These
were installed to determine uplift pressures for the initial structural sta-
bility analysis.

The turnaround bridge near the left end of the spillway section was modified
requiring additional exploration. In October 1975, four borings were
completed using a rotary drill. Standard penetration tests were taken in
overburden to provide data for design of the allowable bearing capacity for
the bridge footings.

2.03 Post Construction Investigations. Erratic water levels were observed in
numerous uplift pressure holes in the intake structure. These holes were
backfilled with grout, and new uplift holes were drilled adjacent to the old
ones. Uplift pressure borings and foundation drains were also drilled in all
spillway monoliths, intake monoliths, closure monoliths, and all the nonover-
flow monoliths.

In February 1982, ground subsidence was observed near the left abutment earth-
fill embankment section just downstream from the buried impervious cutoff
wall. Several backhoe trenches were excavated in the fill and adjacent ground
next to the Pearl Hill Road to determine location and configuration of the
impervious core wall. Sixteen borings were drilled and sampled using both
rotary and diamond drill methods, and two test wells were drilled using a
cable drill. Boring logs are in appendix C. The report on the left abutment
settlement is included in the Chief Joseph Dam, Periodic Report No. 7, October
1984. In April 1987, four borings were drilled in the left embankment, and in
June 1987, two borings were drilled adjacent to closure monolith I (refer to
plate 18 in appendix A). Piezometers were installed in the six borings for
monitoring possible reservoir leakage.

6
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TABLE 2-1

SLUICEWAY DRILLING DATA
(Confirmation Top of Rock)

Monolith Hole Elevation Total Depth Depth to Rock Elevation at Angle From
Number Number in Feet in Feet in Feet Top of Rock Vertical

7 7N-A 769.0 28.0 25.8 741.0 0
7N-B 769.1 26.7 24.0 745.1 0
7N-C 769.1 30.1 28.0 741.1 0
7N-D 769.1 41.0 39.2 736.3 370

7N-E 769.1 42.7 40.2 738.1 440
7N-F 769.1 59.2 55.0 733.4 550

7 7S-B 769.0 30.5 25.9 743.1 0
7S-D 769.1 29.6 25.5 743.6 0
7S-E 769.1 43.9 43.6 732.7 370
7S-F 769.1 58.7 56.3 730.6 520
7S-G 769.1 67.3 65.5 729.8 590
7S-H 769.1 78.0 75.9 729.4 650
7S-I 769.1 102.8 93.0 708.7 550
7S-J 769.0 92.0 87.9 697.9 400
7S-K 769.1 52.8 47.2 735.7 500
7S-L 769.1 90.4 85.6 724.4 650
7S-M 769.1 43.9 37.7 736.1 320
7S-N 769.0 35.3 29.0 740.0 0
7S-0 769.1 42.1 36.1 737.5 320

9 9N-B 769.0 36.0 34.7 734.3 0
9N-D 768.9 35.6 34.9 734.0 0
9N-E 769.0 30.2 28.8 740.2 0
9N-F 768.9 44.9 43.1 732.9 370
9S-A 769.0 43.0 42.3 726.7 0
9S-B 769.0 39.5 38.3 730.7 0
9S-C 769.0 36.7 34.3 734.7 0
9S-D 769.2 41.6 41.4 727.8 0
9S-E 769.0 52.0 49.5 728.1 380
9S-F 769.0 46.7 43.9 731.9 360
9S-G 769.0 52.6 49.7 727.5 370
9S-H 769.0 51.0 50.0 727.6 380
9S-1 768.9 39.0 36.3 742.1 470
9S-J 769.0 32.8 30.8 745.6 450

11 IIN-A 769.0 23.9 21.6 747.4 0
1IN-B 769.0 27.0 24.0 745.0 0

11N-C 769.0 29.0 25.7 742.3 0
I N-D 769.0 30.2 27.0 746.4 370
11N-E 769.0 35.3 32.0 743.4 410
u1N-F 769.0 38.0 34.2 744.1 480
I N-G 769.0 53.9 49.4 741.2 620
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TABLE 2-1 (cont.)

SLUICEWAY DRILLING DATA
(Confirmation Top of Rock)

Monolith Hole Elevation Total Depth Depth to Rock Elevation at Angle From
Number Number in Feet in Feet in Feet Top of Rock Vertical

1IN-l 769.0 51.8 47.8 735.7 510
11N-I 769.0 30.0 24.2 744.8 0
l1N-J 769.0 32.8 27.5 745.1 330
11N-K 769.5 40.9 35.5 742.5 450
I N-L 769.5 43.2 35.6 743.2 470
11S-G 769.0 30.6 28.0 745.6 370
11S-H 769.0 25.3 23.5 745.5 0
ulS-I 769.0 23.2 20.7 748.3 0
1iS-j 769.0 41.5 35.9 741.7 45'
U1S-K 769.0 41.4 38.6 739.6 450
11S-L 769.0 40.7 37.7 744.5 55'

13 13N-A 769.0 31.1 23.6 745.4 0
13N-B 769.0 25.5 22.5 746.5 0
13N-C 769.0 25.1 22.4 746.6 0
13N-D 769.0 35.7 33.7 740.6 360
13N-E 769.0 62.6 33.4 745.4 500
13N-F 769.0 58.3 31.2 748.7 550
13N-G 769.0 66.9 39.0 751.3 700
13N-H 769.0 42.0 36.1 741.9 460
13N-I 769.0 35.9 32.8 745.8 5(0°

13N-J 769.0 77.3 72.0 718.1 50"
13N-K 769.0 73.8 38.0 744.3 550
13N-L 769.0 21.0 19.2 749.8 0
13S-B 769.0 25.f 20.5 748.5 0
13S-D 769.0 29.8 24.8 744.2 0
13S-E 769.0 37.0 30.9 743.4 38()
13S-F 769.0 39.6 34.5 745.0 5P)
13S-G 769.0 62.7 56.4 734.4 580
13S-H 769.0 30.7 22.8 746.2 0
13S-I 769.0 34.9 29.6 745.3 410
13S-J 769.0 71.0 64.8 731.7 610

16 16N-B 768.9 27.0 25.5 743.4 0
16N-D 769.0 25.9 22.0 747.0 0
16N-E 768.9 26.5 24.6 744.3 0
16N-F 769.0 36.4 32.0 742.5 380

16N-G 769.0 31.6 28.2 745.7 380
16N-H 769.3 49.5 43.8 736.0 450

16N-I 769.0 72.6 67.3 729.4 600

16N-3 769.0 75.5 47.0 731.0 400
16N-K 769.6 53.1 48.7 741.0 600
16N-L 769.0 65.9 60.0 730.0 550
16S-A 769.0 29.8 27.3 741.7 0
16S-B 769.0 17.6 15.5 753.5 0
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TABLE 2-1 (cont.)

SLUICEWAY DRILLING DATA
(Confirmation Top of Rock)

Monolith Role Elevation Total Depth Depth to Rock Elevation at Angle From
Number Number in Feet in Feet in Feet Top of Rock Vertical

16S-C 769.0 16.9 14.6 754.4 0
16S-D 769.0 24.6 23.2 745.8 0
16S-E 768.9 28.3 26.2 746.8 360

17 17N-B 769.0 20.3 15.1 753.9 0
17N-D 769.0 23.9 18.4 750.6 0
17N-E 769.0 42.5 36.4 738.9 380
17N-F 769.0 26.6 20.8 748.2 0
17S-A 769.0 21.1 16.1 752.9 0
17S-B 769.0 20.6 15.2 753.8 0
L7S-C 769.0 25.7 19.5 749.5 0
17S-D 769.0 44.5 40.6 735.4 380
17S-E 769.0 26.8 21.7 747.3 0

18 18N-B 769.0 22.1 17.6 751.4 0
18N-D 769.0 28.7 23.6 745.4 0
18N-E 769.0 44.8 37.7 737.8 380
18N-F 769.0 33.2 28.1 740.9 0
18S-A 769.0 27.5 22.5 746.5 0
18S-B 769.0 25.5 18.5 750.5 0
18S-C 769.0 26.7 21.5 747.5 0
18S-D 769.0 52.8 45.6 731.3 380
18S-E 769.0 36.9 31.9 737.1 0
18S-F 769.0 56.0 50.0 731.0 450
18S-G 769.0 57.4 48.4 732.2 450

19 19N-D 769.0 32.3 29.5 739.5 0
19N-E 769.0 37.0 34.6 734.4 0
19N-A 769.0 34.5 32.0 743.1 400

19N-F 769.0 24.7 19.6 749.4 0
19N-C 769.0 26.5 23.9 756.2 640
19N-B 769.0 36.5 34.6 734.4 0
19S-F 768.9 46.3 41.8 728.1 140
19S-G 768.9 30.3 29.4 740.1 130
19S-H 768.9 25.2 22.6 750.6 400
19S-I 768.9 47.0 41.6 735.2 400
19S-J 768.9 29.0 28.0 746.0 390

20 20N-A 769.0 23.9 18.9 750.1 0
20N-B 769.0 31.6 26.6 742.4 0
20N-C 769.0 40.2 32.5 736.5 0
20N-D 769.0 26.4 21.6 749.3 270
20N-E 769.0 24.0 19.0 750.0 0
20S-A 769.0 28.2 23.2 745.8 0
20S-C 769.0 40.0 32.5 736.5 0
20S-D 769.0 31.0 26.0 746.8 350
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TABLE 2-1 (cont.)

SLUICEWAY DRILLING DATA
(Confirmation Top of Rock)

Monolith Hole Elevation Total Depth Depth to Rock Elevation at Angle From
Number Number in Feet in Feet in Feet Top of Rock Vertical

20S-E 769.0 27.5 22.5 746.5 0
21 21N-A 769.0 32.0 27.2 741.8 0

21N-B 769.0 34.7 31.3 737.7 0
21N-C 769.0 25.2 20.2 748.8 0
21N-D 769.0 34.4 28.1 747.4 440

21N-E 769.0 24.8 20.2 748.8 0
21S-C 769.0 20.5 18.5 750.5 0
21S-D 769.0 29.1 27.1 746.8 390
2LS-E 769.0 23.0 18.0 751.0 0

22 22N-A 769.0 34.7 32.6 736.4 0
22N-C 769.0 18.2 15.0 754.0 0
22N-D 769.0 32.8 31.6 742.1 350
22N-E 769.0 31.7 25.4 748.2 390
22N-F 769.0 32.6 30.2 744.0 380
22N-G 769.0 22.7 19.6 749.4 0
22N-H 769.0 24.9 23.0 751.5 450
22N-I 769.0 36.8 35.6 743.4 490

22 22S-A 769.0 24.3 21.3 747.7 0
22$-B 769.0 20.4 16.3 752.7 0
22S-C 769.0 15.3 14.2 754.8 0
22S-D 769.0 24.1 20.3 750.6 28°

23 23N-A 769.0 23.4 21.1 747.9 0

23N-B 769.0 21.2 18.8 750.2 0
23N-C 769.0 21.8 18.0 751.0 0
23N-D 769.0 27.4 24.3 747.4 30o
23S-A 769.0 23.0 19.0 750.0 0
23S-C 769.0 20.0 18.0 751.0 0
23S-D 769.0 31.0 27.8 746.0 380
23S-E 769.0 29.9 24.9 750.1 450
23S-F 769.0 42.7 37.5 747.4 610
23S-G 769.0 54.9 49.9 742.9 650
23S-H 769.1 56.8 51.8 742.0 650
23S-I 769.0 24.5 17.1 751.9 0

NOTE: Hole number indicates monolith and north (N) or south (S) sluiceway, followed by
hyphen and letter which represents hole designation within sluiceway.
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SECTION 3. GEOLOGY

3.01 Geologic Setting. The project lies at the division between two major

geologic provinces: The Okanogan-Selkirk Highlands to the north and the

Columbia Plateau on the south. Figure 3-1 locates the dam with respect to the
provincial divisions. The Columbia River has cut a valley about 1,000 feet
deep below the plateau surface into hard crystalline rocks. The rocks in the

lower part of the valley and in the Okanogan Highlands are a complex of old
etamorphic rocks intruded by granitic rocks of Mesozoic age. Miocene

Columbia Plateau basalts are exposed high on the southern side of the valley
and locally on the northern side. The valley has been modified by continental
glaciation. Variable thicknesses of glacial outwash sand and gravel,
lacustrine silts, and till overlie the irregular bedrock surface. The present
river has cut down through the glacial sediments into the granitic bedrock
leaving a terraced, inner valley within the larger old valley.

3.02 Site Geology. The Columbia River at Chief Joseph Dam flows westerly
through a steep-walled, terraced valley 12,000 feet wide and almost 1,000 feet
deep. At the dam, the river is 800 feet wide and flows along the base of the
southern valley wall.

On the south (left) bank of the river, the bedrock surface generally rises
well above the river channel. Glacial deposits fill old abandoned channels of
the Columbia River and many of the abandoned tributary canyons. Glacial
deposits form a series of extensive terraces south of the river. These
deposits include one or more glacial till sheets, a variety of morainal mate-
rials, and large quantities of glacio-fluvial and glacio-lacustrine sediments.
Slope wash derived from all of the above units mantles most of the ground sur-
face. The glacial till is compacted, unstratified, silty, sandy gravel.
Morainal deposits are poorly-to-moderately compacted gravels with or without
admixed sand and silt. Glacio-fluvial deposits are stratified, dominantly
silty, sandy gravel, but also include sandy gravel, openwork gravel, boulder
beds and flood plain silts. Glacio-lacustrine deposits are stratified silt
and clay. The bedrock surface north of the river gradually rises above the
river channel. A glacial fill terrace extends from the river to the north
valley wall. The terrace varies in elevation from 1,030 feet adjacent to the
river to over 1,100 feet to the north. The terrace sequence consists of an
extensive deposit of torrentially bedded, largely openwork gravel and cobbles,
10 to 100 feet thick overlying the bedrock surface. This highly pervious unit
is overlain by varying thickness of "dump moraine" and more than 100 feet of
glacial till.

Bedrock is an assemblage of hard, competent crystalline rocks that include
granodiorite, granodiorite gneiss, dark schistose granodiorite, hornblende
granodiorite, and lamprophyre. These various rock types exhibit different
characteristics of soundness as described in the paragraphs below:

a. Granodiorite is the predominant rock type. It is hard, medium to

coarse grained and light colored. Generally this rock type is very sound with
a high resistance to chemical weathering.
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b. Granodiorite gneiss is a hard, medium to coarse grained, light gray to

gray colored rock which exhibits a banded structure with mineral orientation
along parallel planes. This rock type is generally very sound with good

resistance to chemical weathering. However, with increasing biotite percent-

age this rock tends o exfoliate along planes.

c. Dark schistose granodiorite may be soft or hard depending on mafic

content and degree of weathering. This rock type is usually fine to medium

grained, dark colored and may be schistose or gneissic in structure. The con-

tents of biotite or hornblende are present in quantities up to 50 percent.

The rock is sound when fresh, but where high biotite content and schistose

structure prevail, this rock type has the least resistance to chemical
weathering and is, therefore, generally less sound than all the other rock
types.

d. Hornblende granodiorite is a granitic type rock containing randomly

oriented, medium to coarse grained crystals of hornblende. This rock is
medium to dark colored, hard and highly resistant to chemical weathering.

e. Lamprophyre is a very hard, fine grained, dark greenish colored rock

found in dikes. Having post dated most major periods of faulting, it is gen-
erally less fractured and less altered than surrounding rocks.

f. Lesser rock types such as pegmatite and aplite dikes are commonly
found throughout the area, but are relatively small discontinuous bodies.
Faults and joints are important rock structures which influence rock mass
behavior in excavations and slopes. Faults and fault zones are common
throughout the dam foundation and appurtenant structures (plate 7). They are

attributable to late stages of the grandiorite intrusions and concurrent
orogeny. These faults are inactive and, as so, oriented as to produce no

planes of weakness which might be overstressed by addition of large concrete
monoliths (U.S. Army Corps of Engineers, 1957). During excavation for the

additional powerhouse units, three faults were mapped in the foundations for
units 22, 25, and 27 as shown on plate 10. These faults are free of gouge,
but rock faces are coated with chlorite. No attempt was made to measure

magnitude of offset. Unit 22 fault strikes N600 -70°W, dips 650 -750 E, and
consists of a shattered rock zone 1 inch to 2 inches in width. Unit 25 fault
strikes N100w, dips 350W, and consists of a 4-inch wide shattered rock zone.

Unit 27 fault strikes N30W to N80 E, dips 350W, and consists of a shattered
zone 4 feet wide on each side of a brecciated zone 2 inches to 6 inches in
width. Zones of closely jointed rock associated with the faults may be as

much as 20 feet wide. Joint faces within the powerhouse excavation and the
adjacent rock slope below the intake structure were often slickensided, healed

with chlorite, and showed no strain or evidence of being open after the period

of chloritization. Joints are attributed to compression and shear coincident

and immediately following the period of granodiorite emplacement.

Bedrock weathering is not severe. The most common weathering action was the
presence of iron stain. All joint planes near the surface of rock exhibit
this characteristic to varying degrees, usually diminishing with depth and

(disappearing within 20 feet below the surface.
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3.03 Powerhouse Foundation (Additional Units 21-27). Additional units 21-27
are founded on various crystalline rock types including schistose and gneissic
granodiorite, massive granodiorite and lamprophyre intrusions (plate II). Two
minor faults, striking northerly with 35 degree westerly dips were encountered
in the excavation (plate 12). Conjugate joints occur in zones to 8 feet in
width. Two prominent joint sets were mapped in the foundation; one set
strikes N40-450W and dips 60-65°NE and the second set strikes N75-80°W with a
dip of 75-800 N. Joints within the lamprophyre intrusives extend into the
adjacent granodiorite. Joint spacing ranges from 0.1 to 5 feet within the
granodiorite rocks and the transecting intrusives. Many joints are coated
with unweathered dark chlorite, some resembling a polished appearance. Where
the chlorite bond to joints was broken by blasting, the chlorite lubricated
surfaces offered little resistance to slippage. Precision rock blasting
techniques were employed in the jointed granitic rocks so that maximum
utilization of the bedrock could be obtained in the foundation. Precision
blasting techniques made possible the use of natural rock piers ("dragon
teeth") for the powerhouse. No increase in joint frequency or mechanical
breakage was observed in the foliated rock types; however, the foliated rocks
broke more platy than the massive granodiorite rocks.

3.04 Construction Materials. Concrete aggregate and common and granular
materials were excavated from a government source on the right bank, 2 miles
downstream from the project (see plates 1 and 3). This pit was used during
the original dam construction. The borrow area is a large gravel terrace
adjacent to the Columbia River and composed of clean sandy gravel. A cap of
eolian sandy silt, 2 to 4 feet thick, locally overlies the source area. All
aggregate processing was conducted on site, stockpiled and hauled to the
project. Material quantity surveys were not performed.

Rock for the project was mined in the rock quarry located 2 miles northeast of
the project, next to Bridgeport State Park. This source was used for the
original dam construction. The quarry was reopened, approximately 94,000 tons
of granodiorite rock were removed, then the quarry was closed and reclaimed to
natural conditions. About 47,000 tons of rock were used for the downstream
right bank tailrace protection. Remaining rock has been stockpiled adjacent
to the quarry for future work. Granitic rock that was blasted and removed
from the powerhouse additional units excavation was placed in the Foster Creek
channel along the right bank several hundred feet upstream of the dam.

Impervious fill, blanket, and core material were borrowed from a glacial till
source located on the right bank 1,000 feet upstream from the dam. The till
material was placed in the upstream right bank impervious blanket extension
and in the left abutment impervious fill and core.
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SECTION 4. FOUNDATION EXCAVATION AND TREATMENT
(ADDITIONAL UNITS 21-27)

4.01 General Two major construction contracts were administered for founda-

tion excavation and treatment. A third contract provided for rock bolts and

drain holes on the rock slope below intake structure units 1-27.

4.02 Initial Rock Bolting and Drain Hole Drilling. Design analyses indicated
that stresses would increase within the unconfined rock mass below the intake
structure. The increased stresses would be created by added weight of raising
the intake structure, the higher pool, and powerhouse excavation blasting. In
addition, foundation uplift pressures would increase. The majority of the
drainage system within the intake structure is inaccessible and cannot be mon-
itored nor cleaned as shown on figures 4-1 and 4-2. To supplement the drain-
age system, a series of subhorizontal drains were drilled in the exposed rock
surface below intake monoliths 1-27 (plate 4). In 1986, polyvinylchloride
(PVC) pipes were installed. The PVC pipes extend beyond the rock surface to
prevent vegetation from plugging the outlets. A system of rock bolt
reinforcement was installed in addition to the drainage system below intake
monoliths 1-27 (plate 4). Rock bolts were designed to offset the change in
load resulting from pool raise and additional height of the dam. The
reinforcement system consists of Williams hollow core rock bolts (model number
US-16-HC-SCS-300, 2-inch nominal diameter, with standard Type A short cone and
shell and Type B long cone and shell). Three-inch diameter rock bolt holes
were drilled using an Ingersol-Rand ECM 450 air track drill. In areas where
air track access was impossible, holes were drilled using a quarry bar ECM
hammer and shortened mast. At drilling completion, all holes were gaged with
a "go-no-go" template to assure proper tolerances for bolt anchors. Subhori-
zontal companion drain holes were drilled adjacent to the rock bolt holes.
Negligible ground water was encountered during drain hole drilling. Drain
holes were gaged similar to the bolt holes. Both types of holes were flushed
with compressed air and water upon completion.

Rock bolts were installed and anchors torqued to manufacturer's specification.
Bolts varied from 40 to 75 feet in length with no more that 4 couplings per
installation. The bolts were tensioned with a hydraulic ram until a load of
110,000 pounds was reached. The load was maintained for 10 minutes and
relaxed. This tensioning procedure was repeated. Bolts that did not with-
stand the tensioning tests were removed and replaced. For the first 35 bolts
installed, five anchors failed loading tests. Contractor research at other
projects with similar type bedrock showed that holes drilled in granitic rock

tend to have a smooth bore. The Type A short malleable cone tends to produce
an insufficient bearing area. The Type B long cone and shell were used for
the remaining bolts and no further failures occurred. Rock bolts passing the
tests were locked off. Per contract specification, several bolt installations
were selected at random and tested to yield. These bolts were loaded to ulti-
mate strength of 200,000 pounds and then restressed.
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Prior to grouting, all rock bolts were flushed with water and the water evacu-
ated with compressed air. Neat cement was pumped into rock bolts for bonding
and sealing against corrosion.

4.03 Powerhouse Cofferdam and Initial Excavation. The second construction
contract provided for the powerhouse cofferdam and initial excavation. Con-
tract features included:

a. common and rock excavation

b. cofferdam cutoff wall and cellular cofferdam construction

c. dewatering wells and piesometers.

The initial excavation contract required all common and rock to be excavated
to elevation 785 feet. The following contract for the powerhouse additional
units provided for rock removal between elevation 785 feet and finish grade.
Shortly after the initial excavation work began, a stop order was issued to
halt rock excavation. Members of the North Pacific Division Geotechnical
Branch and Technical Engineering Branch proposed a new design for supporting
the service deck bridge. It appeared that substantial savings could be
realized by leaving rock piers to support the service deck bridge in lieu of
concrete piers. The initial excavation contract was then modified so that
rock excavation would not go below elevation 799 feet. The contractor
installed rock bolts and companion drain holes in the excavated rock down to
elevation 799 feet. Materials excavation began at the toe of the rock slope
below the intake structure and progressed riverward. Excavated common
material was processed and used in construction of the cutoff wall and
cofferdam cells.

The additional powerhouse units 21 to 27 required excavation in the dry below
tailwater for the substructure, training wall, and rock excavation. This was
achieved behind a combination cellular and embankment cofferdam between the
original powerhouse and the right bank of Foster Creek. Cofferdam construc-
tion began in spring 1975 with the cellular units and progressed from the land
section to the powerhouse. Foundation excavation was by dragline. Divers
were employed to inspect the foundation prior to seating the cell template.
Irregularities too large to be removed by dragline were blasted and then the
templates seated. Sheet piles were threaded and seated and the cells
backfilled. Driving resistance was encountered during placement of the deep
arched sheet pile cutoff wall sections. Designed pile depth was not reached
in the dense sand and gravel underlying the cutoff wall while using either a
vibrating hammer or the Vulcan 65, steam, single acting hammer. A Delmag 12,
diesel, single acting hammer was more successful, however, even with this
hammer, full design depth was not reached. Stability anaLysis indicated that
the structure would be stable even at the shallower depths achieved. Coffer-
dam cells were approximately 60 feet in diameter with top of fill between
elevation 800 to 810 feet.

The powerhouse cofferdam and initial excavation contract provided for a dewa-
tering system (plate 5). A preconstruction pumping test in well 364 on the
west side of the excavation indicated that effective water control could be
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4.. accomplished by pumping from a single row of wells. The pumping test in well
358 on the north side indicated that materials in this area had relatively low
permeability so dewatering could be accomplished by one to two rows of vacuum
well points. Since the pile cutoff wall in the embankment cofferdam section
did not extend to the rock surface as planned, an extensive dewatering system,
together with monitoring of phreatic levels within the cofferdam, was required
throughout the construction period. Powerhouse dewatering wells and observa-
tion piezometers data is summarized in table 4-1. Since the dewatering system
was temporary and all materials were to be removed, no well logs nor as-built
details of wells were maintained.

Powerhouse cofferdam construction was started in spring 1975 and completed in
fall 1975. In December 1975 during a high spillway discharge, which resulted
in a tailwater elevation of 786, a leak occurred through the northwest corner
of the cofferdam at elevation 785. As soon as the tailwater elevation dropped
below elevation 785, the water flow reversed. Pre-1950 topography indicated
an old channel of Foster Creek about 50 feet east of the leak area. The old
channel was apparently filled during the original powerhouse construction, and
the cofferdam excavation appeared to intersect the old channel near elevation
770 in the vicinity of the leak. In April 1976, a seepage interceptor system
to accommodate flows of 5,000 gallons per minute was constructed together with
rock blanketing and installation of piezometers. The dewatering system is
shown on plate 5. High river levels did nor occur again until August 1976, at
which time the river reached elevation 787. Construction personnel expressed
concern about large flows from the drain system. A seepage test was performed
on 24 Auguslc 1976. General conclusions from the test were as follows.

a. For river levels up to, and including, elevation 788, the existing
cofferdam seepage control system was adequate. The 788-foot river elevation
represented a flood of about 1 year frequency.

b. For river levels at or above elevation 790, the seepage control system
was inadequate. During the test, the collector drain system was approaching
its maximum hydraulic capacity, and piping erosion was occurring upstream from
the rockfill treated area. This caused early termination of the test. Total
sump inflow at river elevation 790 was about 11,500 gpm, of which about 6,500
gpm were coming from the collector drain system. The 790-foot river elevation
represented a flood of 3- to 5-year frequency. Drilling exploration was
conducted in September and October 1976 to evaluate the cofferdam, and one
boring was grouted to determine effectiveness of using a grout curtain to
reduce seepage. After several thousand sacks of cement were pumped into
6 additional borings, the grout curtain scheme was abandoned and the
interceptor drainage system was extended. The leakage problem was resolved.
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TABLE 4-1

POWERHOUSE DEWATERING WELLS AND OBSERVATION PIEZOMETERS

Surface Top of

Boring Diesmter (inches) Type Elevation Rock Elevation

355 4 Piezometer 810 739

358 12 Well 811 726

366 4 Piezometer 817 732

367 4 Piezometer 823 756

371 12 Well 785 754

372 12 Well 785 730

373 12 Well 785 698

374 12 Well 785 693

375 12 Well 785 696

376 12 Well 785 696

377 6 Piezometer 785 693

378 6 Piezometer 785 695

379 6 Piezometer 785 700

380 6 Piezometer 785 706

381 6 Piezometer 785 748

382 6 Piezometer 785 *

383 6 Piezometer 785 *

384 12 Well 785 708

385 12 Well 785 714

386 24 Well 786 <709

387 24 Well 784 736

388 24 Well 786 <705

389 24 Well * *

400 * Well Point 785 *

401 * Well Point 785 *

402 * Well Point 768 *

403 * Well Point 768 *

404 * Well Point 768 *

405 * Well Point 768 *

406 * Well Point 768 *

407 * Well Point 768 *

500 4 Piezometer 805 <754

501 4 Piezometer 805 <753

502 4 Plezometer 805 <754

*Data unavailable.

Refer to plate 5 for boring locations.
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4.04 Powerhouse Additional Units Excavation. The powerhouse additional units

contract included rock removal below elevation 799 to finish grade with

installation of rock bolts, final excavation limits for overburden, dewatering

system, rock reinforcement of rock piers (dragon teeth), removal of the cof-

ferdam and cutoff wall, and final grading. Most overburden was removed during
the previous contract. The remaining overburden was removed by front end
loader either to top of rock or to elevation 735 feet. Approximately 340,000
cubic yards of common material and 97,000 cubic yards of rock were removed
from the excavation area under both contracts (appendix D).

Rock excavation design for penstock units 21 through 27 was intended to result
in savings by a "dragon teeth" pattern of vertical walls and horizontal sur-
faces. However, increased rock bolt and wire mesh costs for rock pier rein-
forcement apparently offset the reduction in excavation costs.

Powerhouse rock excavation was stringently controlled through contract speci-
fications and constant blast monitoring. See appendix D for the report
describing preshear testing for excavation of the penstock slots and power-
house addition. Precision rock blasting techniques were employed to preserve
rock formations for founding the powerhouse service deck. Before excavation,
tops and upper sides of the "dragon teeth" between the penstock slots were

somewhat jagged and irregular due to the strike of both primary joint sets
being 45 degrees to the trend of the teeth. The sides of the teeth responded
well to excavation. Rock bolts were systematically installed as rock excava-
tion progressed downward (figures 4-4 through 4-9). The intent of the
stringent contract specification was to prevent damage to existing concrete

structures on the final design rock face by limiting peak particle velocity.
To meet contract vibration restrictions for final bedrock faces, presplit
shots were detonated in a series of delays with only three line holes in each
shot. Con-tract blasting specifications are in appendix D. The maximum peak
particle velocity (vectoral sum) allowed was 2 inches per second in rock at a
minimum of 20 feet distance from the design rock face, and 4 inches per second
in concrete.

(
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FIGURE 4-3

LEGEND FOR FIGURES 4-4 TROUGH 4-9

4;Trace of dipping joint plane with angle and direction of dip.

STrace of vertical joint plane.

- Lamprophyre Dike

* Rock Bolt
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SECTION 5. STRUCTURAL MODIFICATION INSTRUMENTATION

5.01 General. The structural modification consisted of raising the dam

V 10 feet including the spillway monoliths, nonoverflow sections, intake struc-

ture, closure monoliths and abutments. The dam consists of a 250-foot long
right embankment, 4,820.5 feet of concrete gravity sections, a 476-foot long
left embankment and 416 feet of buried impervious core. The concrete gravity
sections consist, from right to left, of a nonoverflow section (monoliths 1
through 4), a spillway section (monoliths 5 through 24), a nonoverflow section
(monoliths 25 through 44, plus A and B), an intake section (monoliths I
through 27, plus S-I and S-2), and a closure section (monoliths C-I through

C-11). Refer to plate 7.

5.02 Instrumentation for Spillway and Intake Monoliths. Instrumentation has
been placed throughout the dam to monitor structural behavior, determine bend-
ing, tilting and displacement and to insure safety. Instrumentation includes
measurement of the interior concrete temperatures, joint movements, crack
movements, uplift pressures, leakage and structural deflections. The follow-
ing paragraphs describe the various types of instrumentation, their location
and function. Table 5-1 shows instrument locations and reading schedule.

5.02.1 Strong Motion. Instruments for measuring seismic response of the dam
are installed in spillway monolith 24 at elevations 950 and 764 feet. Another

instrument to measure ground motion is installed downstream of the dam on the
left bank. These instruments are electrically powered with an emergency
battery power and automatically record when triggered by seismic activity.
The only earthquake recorded to date was by the downstream strong motion
instrument occurring on 19 January 1979. An earthquake of local magnitude 4.3
occurred approximately 5 to 7 miles southeast of Chief Joseph Dam.

5.02.2 Concrete Temperatures. Resistance thermometers were embedded in the
concrete of spillway monoliths 13, 14, 15, and 17 in vertical and horizontal
arrays during the original construction of the dam. These thermometers meas-
ure the temperature profile throughout the monoliths as affected by water and
ambient air temperatures. The pool raise had no noticeable effect on concrete
temperatures, and the thermometers show only small annual variations; there-
fore, the readings of the thermometers in monoliths 13, 14, and 17 have been
discontinued. Reading of monolith 15 thermometer will continue on a monthly
basis to provide data for structural evaluation.

5.02.3 Crack and Joint Meters. Since construction of the dam, Whittemore
gage points have been installed across several monolith joints and exterior
cracks throughout the spillway and nonoverflow monoliths and across all the
monolith joints in the intake and closure sections. Manual mechanical
measurements of these points were made periodically to monitor deviation of
movement from annual cycles of movement established from prior measurements.
In 1979-80, electronic joint meters were installed in galleries across all dam
monolith joints and one crack in monolith C-2. These meters automatically
read both axes of movement in the horizontal plane by means of variable resis-
tance potentiometers. Data are transmitted by wire to a microprocessor

located in the control room of the powerhouse and transmitted from there via

29



TABLE 5-1

INSTRUMENT LOCATIONS AND READING SCHEDULE

Instrument Type Normal Reading Frequency
and Number of Total and Remarks Instrument Location(s)

1. Joint Meters, Monthly monitoring con- Spillway: All mono joints
Potentiometer trolled remotely from in access gallery. El. 832
Type, 85 District office. Nonoverflow: All mono

joints in nonoverflow gal-
lery. Elevation varies.
Intake/closure: All mono
joints in 948 gallery.

2. Deformation Discontinued 26 July Spillway: Drainage
Meters, 8 1982 gallery, monoliths 7, 9,

16, and 19, 2 each.

3. Deflection Plumb- Twice monthly. Spillway: Access gallery
lines, 2. and drainage gallery, mono-

liths 5 and 24.

4. Precise Alignment: Twice annually. Laser Intake: 960.75 gallery,
Laser Survey survey taken at maximum monoliths 1-27.

upstream and downstream
deflections.

5. Uplift Pressure Monthly.
Cells

a. Gage Type, 53 a. Closure: Drainage gal-

lery, monoliths C2-Cll (2
each); Cl (1); Intake: drain-
age gallery, monoliths 12-14,

S1, S21; Spillway: drainage
gallery, monoliths 1-6, 8,
10-12, 14, 15, 19, 21, 24
(1 each)l Nonoverflow: 25,
27, 30, 31, A (1 each),
B (2).

b. Air Pressure b. Cells located in all
Type, 106 sluices, of monoliths 7, 9,

11, 13, and 16-23.
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TABLE 5-1 (cont.)

INSTRUMENT LOCATIONS AND READING SCHEDULE

Instrument Type Normal Reading Frequency
and Number of Total and Remarks Instrument Location(s)

c. Sounding c. Intake monoliths 1-11,
Type, 77 15-27 (2 each) from the

948 gallery; monoliths 3,
11, 16, 17, 20, 22, 24 (2
each) from the 960.75 gal-
lery; nonoverflow monoliths

28, 29, 32-44 (1 each).

6. Leakages Minimum twice annually Drainage Gallery: Joint
(February and August), and face drains-spillway, 198.

a. Joint Drains, additional readings Foundation Drains: Spill-
25 required under certain way, 248; Intake, 34;

conditions (except Closure, 51.
weirs).

b. Face Drains,
173

c. Foundation
Drains, 333

d. Weirs Monthly. Nonoverflow 26,44; Closures Cl,
C4.

7. Sump Discharge Measure weekly. Spillway: Monolith 15.

8. Whittemore Crack Discontinued 22 July Spillway and Nonoverflow:
Gages, 41 1982. Downstream, exterior, mono-

liths 3-5 and 24-43.

9. Resistance Thermo- Monthly for monolith 15 Spillway: Monoliths 13, 14,
meters, 141 only, other thermometers 15, and 17.

no longer read.

10. Piezometers, Monthly. Right abutment; 70 (3 taken
90 out of service).

Left abutment; 20 in serv-
ice.

11. Relief Tunnel Twice annually Relief tunnel in right
Wells, 22 (September and March). abutment.
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TABLE 5-1 (cont.)

INSTRUMENT LOCATIONS AND READING SCHEDULE

Instrument Type Normal Reading Frequency
and Number of Total and Remarks Instrument Location(s)

12. Relief Tunnel Weekly. Relief tunnel in right
Leakage abutment.

13. Slope Indicator, Quarterly. Reservoir, left bank.
Bridgeport Slide, (See Figure 8-1)
14

14. Foster Creek Weekly. Foster Creek
Culvert Flow

15. Settlement As directed by GT Branch; 21 on top and downstream

Monuments, 25 survey conducted by of left abutment; 4 on top
District Survey Branch. of right abutment.
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telephone to a computer terminal in the District office. Frequency of read-

ings can be varied and transmission of data controlled directly from the

District office. The automatic system became fully operational in May 1980.

Movements indicated to date are within expected ranges. Readings from the new

instruments do not correlate with past Whittemore gage readings. This is

attributed to inherent inaccuracies of the Whittemore system and human error

involved in manual readings. Readings of Whittemore gages have been discon-
tinued at joints and on exterior cracks.

5.02.4 Plumblines. Suspended wire plumblines were installed in the access

shafts at each end of the spillway in monoliths 5 and 24 during the contract
for pool raising structural modifications. The plumblines measure monolith
deflection trends. The wires extend from elevation 957 feet near the top of

the dam to the approximate elevation of 767 feet. Reading stations for both
plumblines are located at approximately elevations 836 and 770 feet at inter-
sections of the access shafts with galleries.

5.02.5 Uplift Pressures. With increased height of the dam, determination of
uplift pressures at the foundation was critical so uplift pressure wells were
installed in all spillway monoliths, intake monoliths, closure monoliths, and
all of the nonoverflow monoliths, except monolith 26. Locations are shown on
plates in appendix A. Three types of readouts are used for the uplift pres-
sures: direct reading type using a gage for measurement of the uplift pres-
sure, the air pressure type using air pressure to displace a column of water,
and sounding wells where the depth to water is measured. Uplift pressures in
the spillway section are generally below the design limits, but several air
pressure-type cells near the downstream toe of the dam indicate pressures
above design assumptions. The intake structure uplift monitoring system con-
sisted of 48 vertical, size EX (1-1/2 inch diameter) holes drilled during the
structural modification contract. These holes were drilled from the elevation
948-foot gallery through concrete into foundation bedrock. Two uplift wells
were drilled each in monoliths 1 through 11 and 15 through 27. Numerous

uplift wells showed erratic water level readings which were attributed to
water leaking through the horizontal concrete lift joints. Between 1981 and

1983, EX holes in 18 intake monoliths were filled with grout and a new pair of
NHR wireline holes (3-inch diameter) were drilled to replace them (table 5-2).
As-built rock elevations beneath the dam were never developed for the initial
foundation report published in 1957. Table 5-2 gives uplift boring drilling
data (1981-1983) completed in the intake structure and is presented here to
supplement top of the rock elevation data. Location of the intake structure
uplift pressure wells are shown in the plan view on plate 12 and section view
on plates 21, 22, and 23. The wells are read monthly using a model DR-760A
Soiltest water level indicator. Remote readout electrical devices have been

purchased and will be installed in each uplift well. PVC pipes were grouted
in the holes to near top of rock to prevent water flowing in through leaking
concrete lift joints. An additional pair of NUR wireline holes were drilled
from the elevation 960.75-foot gallery in monoliths 3, 11, 16, 17, 20, 22 and

24 since these monoliths were considered the most unstable. In May 1983, the
new uplift monitoring system was complete. Uplift pressures in monolith 11 of
the intake structure continued to be high. In 1984, additional drain holes

(3
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TABLE 5-2

INTAKE STRUCTURE - UPLIFT PRESSURE BORINGS

Monolith Hole Elevation Total Depth Depth to Rock Elevation at
Number Number in Feet in Feet in Feet Top of Rock

1 1SE 948 88.7 84.9 863.1
1 ISW 948 92.5 89.2 858.8
2 2SE 948 92.5 88.8 859.2
2 2SW 948 88.5 84.8 863.2
3 3NE 960.75 114.2 110.5 850.3
3 3NW 960.75 113.3 108.6 852.2
4 4SE 948 90.1 86.6 861.4
4 4SW 948 92.5 86.8 861.2
5 5SE 948 89.0 85.6 862.4
5 5SW 948 89.5 85.2 862.8
6 6SE 948 90.7 86.5 861.5
6 6SW 948 90.5 86.3 861.7
7 7SE 948 89.5 86.2 861.8
7 7SW 948 92.5 88.5 859.5
8 8SE 948 90.9 86.1 861.9
8 8SW 948 91.0 84.9 863.1
9 9SE 948 90.5 86.4 861.6
9 9SW 948 90.5 87.0 861.0

10 10SE 948 91.0 88.2 859.8
10 1oSW 948 90.0 85.9 862.1
11 lNE 960.75 104.1 100.4 860.4
11 IINW 960.75 115.5 110.1 850.7
15 15SE 948 91.5 88.3 859.7
15 15SW 948 90.5 85.7 862.3
16 16NE 960.75 102.5 97.6 863.2
16 16SE 948 90.5 86.8 861.2
16 16NW 960.75 103.5 98.8 862.0
16 16SW 948 90.5 86.9 861.1
17 17SE 948 90.5 86.8 861.2
17 17NE 960.75 100.5 97.6 862.4
17 17SW 948 90.5 86.1 861.9
17 17NW 960.75 100.5 96.5 863.5
18 18SE 948 89.7 86.0 862.0
18 188W 948 89.5 86.3 861.7
19 19SE 948 90.5 86.1 861.9
19 19sW 948 94.8 91.9 856.1
20 20NE 960.75 120.9 116.9 843.9
20 201W 960.75 124.5 120.4 840.4
21 21SE 948 107.5 104.6 843.4
21 21SW 948 110.5 106.0 842.0
22 22NE 960.75 125.5 121.6 839.2
22 22NW 960.75 122.5 117.7 843.1
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TABLE 5-2 (cont.)

INTAKE STRUCTURE - UPLIFT PRESSURE BORINGS

Monolith Hole Elevation Total Depth Depth to Rock Elevation at
Number Number in Feet in Feet in Feet Top of Rock

23 23SE 948 90.5 85.7 862.3
23 23SW 948 90.5 86.3 861.7
24 24SE 948 90.6 85.6 862.4
24 24NE 960.75 103.0 97.5 862.5
24 24SW 948 87.5 84.6 863.4
24 24NW 960.75 102.9 99.3 860.7
25 25SE 948 87.5 84.6 863.4
25 25SW 948 89.5 85.9 862.1
26 26SE 948 89.7 85.9 862.1
26 26SW 948 90.8 86.9 861.1
27 27SE 948 102.5 99.5 848.5
27 27SW 948 112.5 108.2 839.8

(
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were drilled in the eastern end of the lower drainage and grouting gallery in
monolith 12 to intersect faults and joints in monolith 11. Uplift pressures
were slightly reduced. High uplift pressures occurred in monoliths 13 and 19
during the winter of 1985-1986. The high readings were attributed to surface
water leaking past hole collars. Waterproof caps were installed and readings
decreased. Leakage is also occurring at some of the pipe fittings of the
uplift pressure system in the closure monoliths. All other monolith uplift
pressures show no excessively high uplift pressures.

5.02.6 Laser Alignment. Movement of intake monoliths 1 through 27 in the
transverse (upstream-downstream) direction is measured by means of a projected
laser beam through the gallery at elevation 960.75 feet. Monolith movements
can only be related to adjacent monoliths as the ends of the survey line are
not fixed points and cannot feasibly be referenced to any fixed points. Two
surveys of alignment prior to pool raise were made, and 12 post-pool raise
alignment surveys have been made. Results of these surveys indicate most
monoliths move +0.10 inch annually in a direction perpendicular to the struc-
ture's longitudinal axis as relative to their position in June 1980.

5.02.7 Leakage. Leakage from all sources in the nonoverflow and spillway
monoliths 1 through 25 is collected and measured in the sump in monolith 15.
Leakage into the nonoverflow monoliths 26 through 35 is collected in the gal-
lery gutter, measured at a weir in the gallery gutter in monolith 26, and dis-
charged downstream of the dam through a pipe in monolith 26. Leakage into
nonoverflow monoliths 36 through 44 and A and B is discharged downstream
through a pipe in monolith B. Foundation drainage in the closure section and
monoliths 12, S-1, S-2, 13 and 14 of the intake section is provided by drain
holes drilled from a gallery near the foundation surface as shown on plate 12.
The remaining intake monoliths do not have such gallery and foundation drain-
age systems. Eight drain holes per monolith were fanned from the penstock
apertures in the upstream third of each monolith with each group connected to
a collector pipe embedded in the concrete and draining to the downstream side.
All drain holes were angled in the plane of the dam axis to intercept an opti-
mum number of joints. There is no means to monitor leakage from these drains
and they should be considered ineffective. Past experience has shown that
drains in the foundation rock tend to become clogged with mineral crystal
development after a few years. There is no means of access to these holes for
cleaning, as is done periodically for all other foundation drains (see figures
4-1 and 4-2). Additional drains were drilled under the intake structure from
the sloping rock face downstream, angling slightly upward beneath the struc-
ture. These drains were installed along with rock bolting in 1974 as a sepa-
rate contract to the additional units. All of these holes have shown minor
seepage since completion. Drain holes were cleaned in the summer of 1984 and
1985. In 1986, short sections of PVC pipe were installedin the holes to pre-
vent plant growth and blockage of drains. Flow from gallery drain holes in
the intake section is so low that measurement is impractical. Flow from clo-
sure section drains appears fairly constant throughout the year (20 to 30 gpm
total). Originally, leakage into the drainage gallery of the closure
monoliths was removed by gravity drains located in monoliths C-1 and C-4.
During structural modifications, the gravity drain located in monolith C-4 was
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blocked, and efforts by the project staff to clear the drain were unsuc-
cessful. The total drainage into the drainage gallery is now discharged
through the gravity drain in monolith C-1. Monitoring of leakage is by means
of a weir in the drainage gutter of C-4 and a weir in the drainage gutter
immediately upstream of the gravity drain in monolith C-1.
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SECTION 6. RIGHT EARTH AND ROCKFILL EMBANKMENT AND ABUTMENT

6.01 General. A zoned wraparound embankment consisting of an impervious
core, filter, random fill, rockfill, and riprap section serves to limit seep-
age and to tie the concrete da" to the right abutment. The right abutment is
composed of highly pervious gravel, 30 to 100 feet thick, sandwiched between
bedrock and overlying glacial till. Right abutment seepage control features
consist of impervious blankets, wells and a relief tunnel which are discussed
in the following paragraphs.

6.02 Relief Tunnel. The relief tunnel was constructed in the right abutment
during original dam construction to control seepage. The tunnel contains 22
relief wells and has a discharge capacity of 100 cubic feet per second (cfs).
The tunnel discharges into the spillway apron. Since initial raising of the
reservoir in 1955, flow from the tunnel has gradually diminished from a maxi-
mum of 93 cfs in June 1955 to the present average discharge of about 25 cfs.
Seepage discharge has responded in a predictable manner to the reservoir raise
to elevation 956 in February 1981. In 1982, a permanently mounted velocity-
discharge meter was installed in the tunnel to permit remote reading of relief
tunnel flows.

6.03 Piezometers. Forty-seven piezometer wells, 12 of which are multistage
piezometers have been drilled into the right abutment at locations shown on
plate 19. All piezometers were installed from 1944 through 1972 to aid in
evaluating right abutment seepage and the effectiveness of seepage control
measures. Piezometric water levels are measured monthly.

6.04 Upstream Seepage Control Blankets. During construction of the dam, an
impervious blanket was placed extending from the wraparound section at the end
of the dam upstream for 2,000 feet. Construction materials for the blanket
were excavated from a glacial till source located on the right bank at the
upstream end of the blanket. In 1957, the impervious blanket was extended
2,000 additional feet to further reduce seepage, however, the blanket exten-
sion had no apparent significant effect on abutment seepage. Study of sea-
sonal ground water temperatures in relation to reservoir temperatures
indicated an apparent high permeability zone near the top of the original
impervious blanket about 1,000 feet upstream from the dam. In 1973, five
piezometers were drilled behind the impervious blanket to verify that a leaky
zone existed. Study of piezometer data between 1955 and 1972 revealed a
rising piezometric surface in the abutment upstream of the dam behind the
impervious blanket. A study of ground water temperatures in relation to
cyclic reservoir temperatures indicated that the raised level was caused by a
zone of high permeability near the top of the original impervious blanket
about 1,000 feet upstream of the dam. Construction records show that the
blanket was left low in the area because of the apparent nature of the soil.
In 1976, the impervious blanket, extending from the dam to 1,300 feet
upstream, was raised from elevation 870 feet to 940 feet. The impervious
blanket was extended underwater by lowering buckets of graded silty gravel
below the water to the working surface. Since raising and extending the
blanket, piezometer data (through 1987) indicates that the piezometric surface
has stabilized. Monthly observation of existing piezometers in the abutment
area serve for tracking the piezometric head within the aquifer.
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SECTION 7. LEFT ABUTMENT

7.01 General. The embankment for the intake closure section on the left
abutment is founded on bedrock and constructed to crest elevation 970 feet.
The zoned embankment consists of an impervious core, upstream and downstream
filters, random fill, rockfill, and riprap section. A buried cutoff wall
approximately 416 feet long connects the zoned embankment to the rock
abutment. The buried cutoff wall is founded on bedrock and consists of an
impervious core with upstream and downstream filters. Near the middle, where
a depression in the rock surface is crossed, the bottom 20 to 30 feet of the
core consists of concrete. During 1982, 18 piezometer wells and 14 settlement
monuments were placed in this vicinity to monitor seepage and observe
settlement adjacent to the buried cutoff wall. Studies indicated that the
observed subsidence was probably the result of settling of poorly compacted
backfill both upstream and downstream of the buried cutoff wall. Continued
analysis of adjacent piezometers indicate that the seepage cutoff wall is
functioning as designed (U.S. Army Corps of Engineers, 1986). A complete
discussion of the investigation is found in Chief Joseph Dam Periodic
Inspection Report No. 7, October 1984.

7.02 Construction History. The impervious cutoff (core wall) was constructed
in 1953. Between 1976 and 1980, the core wall was raised to elevation 965
feet for added freeboard. In February 1981, the reservoir was raised to new
normal maximum operating level of 956 feet.

7.03 Geology. The left abutment is characterized by an irregular granitic
bedrock surface overlain by glacial outwash consisting of sand and sandy grav-
els and construction fill. Joints within the bedrock are locally open, some
times 1 to 2 inches. The near surface material is an uncompacted variable
mixture of blasted rock rubble, sand, and gravel. Voids are found in various
areas throughout the rock rubble fill. During periods of cold winter weather,
numerous citings have been made of vapor rising from fill areas on the left
bank. This phenomenon was first reported to Seattle District geologists in
the 1960's and the occurrences continue to date. The vapor may be explained
by atmospheric pressure changes acting in combination with certain subsurface
ground conditions. A portion of the rockfill may form a constriction over a
porous media. This is analogous to a bottle with a narrow opening. When the
region is subjected to high atmospheric pressure, the air pressure in the sub-
surface tends to achieve equilibrium. As a low pressure storm moves into the
area, a pressure differential is created between the surface and subsurface.
The high pressure air within the porous media escapes upward much like a bal-
loon releasing air. Since the year-around ground temperature is 50 to 60
degrees Fahrenheit, the subsurface air tends to be the same. As the warmer
air rises into the colder air, a vapor resembling steam is created. Where
this vapor is found, the adjacent ground surface can be expected to be free
of snow. To date no hydrothermal activity has been recognized in the vicinity
of the dam.
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7.04 Investigations. Several backhoe trenches were excavated both north and
south of Pearl Hill Road to confirm the configuration of the core wall. The
core wall alignment is as shown on plate 18. Sixteen borings were drilled and
converted into piezometers. Borings were drilled to determine material prop-
erties, bedrock configuration and ground water conditions. In addition,
several backhoe trenches were excavated in and adjacent to the downstream
settlement area. Pockets of coarse rockfill were observed in the sides of
these trenches. Bedrock surface contours were developed from photographs,
foundation excavation, and exploratory data and are shown on plate 18.
Bedrock contours indicate a low area in rock that extends downstream from the
core wall and then closes. The contours delineate a local closed bathtub-like
depression in rock between the core wall and higher rock downstream. This
closed area acts as a water trap and collects seepage and surface runoff when
water inflow exceeds drainage capability.

7.05 Conclusion. The impervious corewall appears to be intact and function-
ing as designed. There is no evidence of seepage through the corewall, how
ever, there is evidence of seepage through joints in the bedrock underlying
the wall. The settlement area downstream from the corewall is probably the
result of consolidation of poorly compacted backfill.
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k- SECTION 8. RESERVOIR SLOPES

8.01 General. Since the reservoir was increased to elevation 956 feet in
February 1981, minor progressive erosion and beach development have occurred.
Reservoir related slumping in glacial till has developed along the right bank
for several miles upstream. Slumping in the glacio-lakebed silts and clay and
raveling in certain sand and gravel terraces are common in steep bank slopes
around the reservoir.

8.02 Bridgeport Slide. Bridgeport Slide (figure 8-1) is located on the left
(south) bank just upstream from Chief Joseph Dam. The status report of the
slide is found in Chief Joseph Dam, Periodic Inspection Report No. 8, April
1986. The slide encompasses an area 2.5 miles long by 0.5 mile wide. Initial
sliding is prehistoric, but portions of the slide mass are currently being
affected by the reservoir. Slide movement near the upstream end of the

Bridgeport Slide required abandonment and relocation of a portion of Douglas
County Road 321 during the 1970's. Easements, which restrict land use around
the reservoir periphery, have been obtained. Such easements include existing
landslides adjacent to the reservoir and areas subject to erosion by the
reservoir. Recent fresh cracking of the ground surface is visible several
hundred feet upslope from the abandoned road. The slide is monitored using
photogrammetric methods at least twice annually and inclinometers are measured
approximately four times per year. The Bridgeport Slide poses no apparent
direct threat to the dam.
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SECTION 9. SUMMARY

No serious foundation problems relating to foundation stability were antici-
pated prior to, or developed during, construction. In general, the

foundations of the dam and powerhouse are of excellent quality. Only minor

structural defects were found in the foundation and were readily corrected

through standard bedrock foundation preparation techniques.
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(~~j APPENDIX 3

C0WS2tUCTION PROTOGRAPIES

I, TAML Or CONTENTS

&ae

powerhouse, 1974 B-1

Cofferdam Enclosure, 1976

Penstock Slots 21 Throughi 27 B-2 Through B-17

Excavation for Units 20 Through 27 B-18

Service Deck Piers B-19 Through B-24

Aerial View, 1978 B-25



Penstock opening* prior to additional units construction (Aug. 1974)

Cofhfedm enclosure looking downhtream (Feb. 1976)



.C

View of west side of penstock slot 21 showing service deck pier resting on old
bridge abutment concrete. (Feb.76)

Clean-up in progress for powerhouse bay 21 (Feb. 76)

B-2



West~ ~ ~ sieo esokslt2 Fb 6

Est side of pensatock slot 22 (Feb. 76)

B-3



Pesoksa 2 Fb 6

Penstock slot 22 (Feb. 76)
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East of side penstock slot 23 (Feb. 76)

East aide of penstock slot 23 showing service deck concrete forms (Feb. 76)
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East side of penstock slot 24 (Nov. 75)

East side of penstock slot 24 showing service bridge pier forms (Feb. 76)
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East side of penstock slot 24 (Feb. 76)

West side of penstock slot 24 (Feb. 76)

B-7



East side of penstock slot 25 (Nov. 75)

East 9Wd of penstock slot 25 shwing service deck and pier forms (Feb. 75)
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West side of penstock slot 25 (Feb. 76)

Penstock slot 25 (Feb. 76)
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East side of penstock slot 26 (Nov. 75)

East side of penstock slot 26 showing service bridge pier forms (Feb. 76)
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West aide of penstock 26 (Nov. 75)

West aide of penstock 26 showing service deck concrete piers (Feb. 76)
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Penstock slot 26 (Feb. 76)

Penstock Mlots 26 and 27 (July 76)

B-12



Penstock slots 24-27 (right to left) showing service bridge pier forms (Feb. 76)

Penstock slots 21-24 (right to left) showing service bridge pier forms (Feb. 76)

B

B-1



Teeth" (Feb. 76)
View looking west of service deck pier forms founded on bedrock "Dragon's

foreground (Feb. 76)
View looking east of Dragon's Teeth and right side of penstock slot 27 in

B-14



East side of penstock slot 27 (Nov. 75)

East side of penstock slot 27 showing service bridge concrete pier (Feb. 75)

B-I 5



West side of penstock slot 27 (Feb. 76)

Slope below Intake structure at penstock slot 27 (Feb. 76)

B-1 6
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West side of penstock slot 23 (Feb. 76)

Not. lamprophyr. dike below forms
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-- -.tUQSL_. .. PROJECT COLUMBIA RIVER

DEPTH OF NOLE__.2..... _IAMETER OF HOLE_6:_.6._ nrck .

DEPTH OF O.B. _ -__0 - - - DATE STARTED - 24 March 1967

ROCK DRILLED.. 24.6 -__ DAT4 COMPLETED_ 4p r __1 -- 167

%COE RECOVIRED.00_. .... CONTRACTOR Leaf Drdllin Co.

SURFACE EL 81o.4 HOLE NO 67-CD -307 365,909
_E 2.290,995

GRA OOR

5 WC % DESCRIPTION OF MATERIALS REMARKS

810.4 LOs _ _,_

Silty Sandy GRAVEL w/numerous 6" Cmng to rock

cobbles & boulders
GM

e01.4 10
79.4 - P SAND. fine. gray

Silty Sandy GRAVEL w/numerous cobbles Boulder at 16' to 18'
& boulders depth

2 GM

785.4

Silty Sandy GRAVEL w/occasional
30 cobbles & boulders, gray

40 Water level 38. '

GM

754.4 S '-- SAND, Fine to mfedi~. ray752.4 -

I SAND, fine, gray
SP

745.4 Too of rock 65.0'
/ INX casing to 66.0'

70 GRANODIOR)TE, medium to coors-

grained, light-Way, hard
No core loss

Most joints at 0. ' to 1 .' interval w/ 100% water return
horizontal to 60 degree dips

r -

, ,%

90---
720.8 Bottom 89.6'

(

C-1



CH~IEF JOSEPH.DAM _PROJECT COLUMBIA RIVER

DPTH Of HOLE- -137.6 DIAMETER Of 14OLE-A 6S NX in rock

DPTH OF O.S. - - - IQ.Q..- DATE STARTED- -6 jMatch 967------

ROCK DRILLED- 21 DATE COM PLETED.. A. 111967

%CORE RECOVRED-. jj96___ CONTRACTOR - - - ia± QrLlLnaS2 o.---IEPT OFC 
I T O F MA E I L 

E A K

10 A Sad'SCyGROLREo~be

(decreasing cobbles & boulders below 281

30I

40 Water level 39.3'

50

744.8

Sm Gravelly Silty SAND, gray

SM

Baulder at 90' to 91' &

90 at 95' to 971

Material rnsw up in
casing 7' w/caslng

@97'



SURFACE EL 809.8 HOLE NO 67-CD -308 E 2,291,132

- iHIIC %, DESCRIPTION OF MATERIALS REMARKS

702.8
699.8 1107 GM I Silty Sandy GRAVEL

Top f rok 11.0'NX casing to 110.4'

120 rreglarslicensies t 11.0'Core loss 0.3' at 121.3/ ,*, Slightly altered zone, 1 19.9' - 121.3' by grinding. 100%

coarse-grained, green-gray, hard;

130-1 /1 several small pegmatite veins

Most joints at 0.3' to 2.5' intervals
wA/irizantal to 80 degree dips

72.2 __

140 bottom 137.6'

(J



StLl[EL0.EL.2* - -PROJECT COLUMBIA.. . . .RIE

DEPTH OF HOLE- 140.0q. DIAMETER OF b4OLE 6" 03 & NX in rock-
DEPTH OF 0.3. - -. DATE STARTED..- to1 March 1967

ROCK DRILLED_ 26.0 DATE COMPLETED.. A il19 7 ------

i-N M65,709
SURFACE EL W9. HOLE NO 67-CD-309 E 2.291.060

- 5 IOW 1 DESCRIPTION OF MATERIALS 6_REMARKS

6"gravel road surface

Sandy GRAVEL (coarse) vs/silt & 6" casing to rock

GP occasional cobbles (12"), dome, gray
10

797.9 ________________

GM Silty Sandy GRAVEL (coarse) w/
occasional cobbles (81", dense, gray

789.9 2 Silty Sandy GRAVEL (coarse) w/
occasional cobbles & boulders, (16"),

3D loos to dee, gray

GM Water level 34.3'

40

751.9 _________________

60 SAND (medium) w/silt, moist, brown

Sp-S

741.9 70
Silty Sandy GRAVEL (coars) w/
occasional cobbles (12") groy-brown

GM

Material heoved 6' while
driving casing. Boulder

90 af 941 to 95.7'.

L714.2
GM Silt Sandy GRAVEL (coarse), loose,

710.9 I SPSAND ifin.), wet, gray

0-4



SURFACE EL 90. HOLE NO 67-CD-309 22915170

I ORA CR
S lows SL G DESCRIPTION OF MATERIALS REMARKS

F707.9 ZS- AND (fine). wet, gray

Silty Sandy GRAVEL w/lumerous cobbles
& boulders (24")

SGM

695.9 To of rock 114.0'
695.9GRANODIORITE, fine to coarse-grained, NX casing to 115.0'

N lighat-Wray, medium hard to hard.

Most joints at 0.5' to 4.0' intervals 100% water return,
w/horizontal to 70 degree dips; all joints brown from 115.0-118.0I/ slickensjded w/minor chlorite alteration.

30

'VA LAMPROPtIYRE, fin*-gramned, dark,hord

669.9 __ GRANODIORITE as above Core loss as 0.4' stub in
Bottom140.0bottom of hole



CHIEF JOSEPH DAM _pROJfCT _ _COLUMSIA - ---- RIVER

DEPTH OF HOLE- 88.4 DIAMETER OF HOLE 6" 01O & NX In, rock-
DEPTH OF 0.B. 62.0 __DATE START=--2-gED- 9L-

ROCK DRILLED.. __!-4__-DATE COMPUETED- 16 March 1967
%CORE RECOV9tED_! 10 __ CONTRACTOR...- La rliq

SURFACE EL 812.0 HOLE NO 67-CD-3 10 E 36591618

* H C % DESCRIPTION OFMATERIALS REMARKS

GM Sandy Silty GRAVEL (coarse) gray 6' gravel surfacing

W8.0 ~ ~~~SAND (fine) w/silt, gray6"csntork

10 P-SM

7%.0 tO xSandy Silty GRAVEL (coarse) w/
occasional cobbles (6"), coffpact, gray

Gm

779.0 GmWater level at 33.0'
SAND (fine) w/silt, brown

50Sp-SA

750.0 M Sondy Silty GRAVEL (coarsellwat. brown
Top of rack 62.0' -Churn drill to 65.0'

GRANODIORIIE, mnedium grained, light NX casing to 65.4'

I - Joints at 0. 1to 1.5' intervals w/ Water return 100% to
N horizantal to 60 deree dips, most joints 80.0' & 80% below

1/ slickensided.
No core Iosn

723.6



CHIEF JOSEPH DAM ___ -PROJECT _ COLUMBIA --------- RIVER

IDEPTH OF HOLE..- 1111LQ. ~DIAMETER OF HOLE _Oj0,A_N UnrjL --
DEPTH Of 0.6. - 5.Q. DATE STARTED... - 3MYW-------

ROCK DRILLED----8-O - DATE COMPLETED..June 1967------

%.CORE RECOVERED.-!"-~-- CONTRACTOR --- ij C --

SURACEEL 10. HOE N 67CD-11 365,512

S I DESCRIPTION OF MATERIALS REMARKS

FSUR ACE L O 81. 
HO EO_7- D_11E_.2 

1.6

TR BOULDERS & COBBLES w/silty sandy 6" casing to rock

85.2 O gravel, lose, dry

Silty Sandy GRAVEL w/accasional

800.7 10 GM I cobbles
Silty SAND (fine) loose, dry, ton

SM

793.2
B IR BOULDERS & COBBLES w/silty sandy

789.2 X~i grave______1

787.7 GM i-5lty Sandy GRAVEL, loose, dam-4e

SM Silty SAND (fine) lose, brown

772.2 SM Silty SAND (fine) w/occosianal gravel Waelvl375

SM Silty SAND, laose, brown

50

755.2 - -Top of rock 55.0' N aigt 52

60 GRANODIORITE, medium to carse
grained, light gray, hard No core loss.
Few minor aplite and pegmatite veins,

/ / Most joints at 0.2' to 3.0 intervals w/
70 0 degrees to 90 degree dip

/inor slickensides an joints at 66.7, 67.1 Inflow test 58 .0-70.0
7.7, 77.3, 79.0 , 81.0, 90.0, 97.8, No inflow at 500

108.8 InflIow test 68.0 -79.0
I // Inflow 0.03 CFM at 600

Inflow test 77.8 - 58.8'
No inflow at 7Q1

I'
~('Lamprop1hyre dike, fine-prained, dark -

gray, hard, contacts dip 45 degrees I nflIow test 88. 8'- 104. C
No inflow at60

10-7



7p

N 365,512
SURFACE EL 810.2 HOLE NO 67-CD-311 E 6.9065

T GR CORE
TIONS PHIC % DESCRIPTION OF MATERIALS REMARKS

ILOG ___

" /\ "  GRANODIORITE as above

110 .x

97.2 Bottom 113.0

[7

7--

c-mmsmmmmmmil~ , .~mI mmmmmmm mmm m



CHIEF JOSEPH DAM _PROJECT COLUMBIA RIVER

DEPTH OF HOLE- 110.0 DIAMETER OF H4OLE 6 & NX in rock

DEPTH OF 0.3. - 44.0 DATE STARTED_._ 23 Maorch 1967

ROCK 0RILLED-----k 66.0 DATE COMPLETED -2 P-i!1L -- --

% CORE RECOVERED-100 - - - CONTRACTOR - LafDiiC.

SURFCE L 81.3N 365,512
SURAC EL81.3 HOLE NO 67-CD-312 E 2,291,210

E ICV* DESCRIPTION OF MATERIALS REMARKS

Silty Sandy GRAVEL (coarse), gray 2" Asphalt pavement
at surface

802.3 10 SAND (fine) moist, gray
SP M6'Csn 

orc

796.3
GM Silty Sandy GRAVEL, gray

793.3 SAND (fine) moist, gray

Sp

30 SAND (fine), w/occasional gravel, gray

SP

SAND (fine)
SPL S

767.3 Top of Rack 44.0'

\/ GRANODIORITE, medium to coarse- N o4.

50 ~ grained, light-aay, hard. No core lass
Most joints at 0.2 to 4.0' intervals 100% water return
wAorizontal to 80 degree dipsInlwts,4. 60

No inflow at 60

60 /
7/inf law test, 59.1 -70.3

No inflow at 701

In flow test 66.9- 78.1

707/No inflow at70

_____________________In flow test 76.7 -87.9

Lampraphyre, very fineirrained, dark, 0.03 CFM at 80
hard

GRANODIORITE as above Inflow test 85.9 - 101.1
N 0.27 CFM at 800

90-



SURFACE EL 811.3 HOLE N067-CD-312 365,5912

Ss PIC % DESCRIPTION OF MATERIALS 
REMARKS

GitANODIORITE as above Inflow test 99.0 -110.0
No inlow at 8

701.3 11 Boto /110.0' 
_ __ __



F _Ct.JgS,k,1 t4____ PROJECT _ _,.Qj'& RIVER

DEPTH OF OLE __UL - -DIAMETER OF MOLE"i.. .. ..

DEPTH OF 0.1. - 43..._ DATE STARTED..._ 22_j2gr.hj -7.

ROCK DRILLED ...- 6.-.-- _-DATE COMPLETED_ 29 March 1967
% COME RECOVEREO_ 98.J_ CONTRACTOR -. L D.illia ....

SURFACE EL 811.9 HOLE N067-CD-313 E 2,3651515

:C DESCRIPTION OF MATERIALS REMARKS
811.9 LO ___

4" Asphalt pavement
w/12" grovel subbase

10 SM Gravelly Silty SAND, gray at surface.
6" casing to rock

73 1 Silty Sandy GRAVEL w/occasional
7 GM cobbles

| 787._

c s obbles & boulders w/silty sandy gravel

.9 Water level 31.6'
Gravelly Silty SAND, gray

SM
M4.9 Top, of Rock 43.0'

GRANODIORITE, medium coarse- NX casing to 43.6
rained, light-gray to gray-green, hard Inflow test 48.0-64.1

/ 0.03 CFMot500
Most joints at 0.3' to 6.0' intervals

/ w/horizontal to 80 degree dips
All joints slickonsided w/chlort. coating

60 Inflow test 63.0 - 74.0

No inflow at 600

Pegmatite, iwide, at depth 66.0

Inflow test 73J - 84.5
// 0.05 CFM at WO

Core losses of 0.3'
0.5' by griading at 74.0

GRANODIORITE GNEISS, 1' wide at & 78.0
79' depth, fine-gralned, durki-gray, hard,
cntacts dip 15 degrees Inflowtst 83.2 - 94.0

"I!/ No inflow at 80/

90 \ / RANOIDIORITE as above

/ Inflow test 94.1 - 110.8
t0 \No inflow at 800

. 0-11



N 365,515
SURFACE EL 111.9" HOLE N067-CD-313 5,2915316

s IC % OESCRIPTION OFMATERIALS REMARKS

GRANODIORITE as above/1/

701.1
bottac 110.8,

0-12



CHIEF JOSEPH DAM __PROJECT COLUMBIA - - RIVER

DEPTH OF HOLE- __U I.L.. - -DIAMETER OF HOLE_6".O & NX in rack

DEPTH OF 0.. ...___ DATE S'rARTED__. Mj5 y --7_
ROCK DRILLEO -. 0 DATE COM PLETED_ 7 June 1967

% CORE RECOVERED- MA-9. - - CONTRACTOR - - J .D.IlL .,_ - - -

SURFACE EL 09.8 HOLE N067-CD-314 N 365,458
IORAOW E 2,291.106

"C % DESCRIPTION OF MATERIALS REMARKS

. LOG __ _

6" casing to rock

GM Silty Sandy GRAVEL

801.8 SM Silty SAND (fine), tan

798.8
Silty Sandy GRAVEL, gray

GM

706.8 Water level 24.0'

Silty SAND (fine), loose, tan

SM

760.8 M K Gravelly Silty SAND, gray

Top of Rock 50.6' NX casing to 51.4

GRANODIORITE, medium to coarse-
grained, light-gray, hard; trace Water return 100%

/ . foliation at 30 -40 degree dip

Joint% at 0.!' to 4.0' intervals w/20 to Inflow test 54.2 - 67.2
80 degree dip&, many joints slic nsided 0. 11 CFM at 60-\ / & chloritized

ch.aritizedInflow test 67.2 - 79.7
0.11 CFMat 80

-- / / 1/16" to 1./8" gouge at 53.2, 61.8,

67.2, 89.2,89.6, 103.0 & 111.0 Inflow test 76.0 - 87.0

00 No inflow at 80

Inflow test 85.3 - 100
No inflow at 80C

c-13



URFACE EL 909.8 HO LE No 67-CD-314 ~ 2 # 1

S HIC % DESCRIPTION OF MATERIALS REMARKS
____ II OG

\/~ GRANODIORITE as above

1K /LMOPH~uryod daiktJ,
698.0 rw ahwlm o Cm kes 0. 7 as stub

SoffOM 111.6,

120

C-14



N 365,457SURFACE EL 810.g HOLE NO067-CD-315 E 2,291,177
RA Ow

8 Pw DESCRIPTION OF MATERIALS REMARKS

90. G Silty Sandy GRAVEL 12" Asphalt concrete
at surface
6" casing to rockc

10 SmGravelly Silty SAND

7961.8

Silty SAND (fine) loose

786 .8 GM Siltr Sandy GRAVEL w/cobbles &

782.8 30 SM Gravelly Silty SAND

730.8
SM Silty SAND, loome, tan

771.8Silty Sandy GRAVEL compact, dry,

764.3 oofRc 465
Tapf~ok ~NX cauing to47.1

GRANODIORITE, med. to cone- 100% water return
/ \ grained, light-Wray, hard No care lasn

Jonts at 0.2 to 2.01 intervals w/

60 horizontal to 85 degree dips
Slickensdw55. 9, 56.7, 58.2, 59.3,

jSCHIST, biotite, haniblende-rich
fine-Wained, dark, med. hard

736.8 GRANODIORITE as above

so bottmC74.0



CHIEF JOSEPH DAM _PROJECT COLUMBIARVE

DEPTH OF HOLE- 19. DIAMETER OF HOLELQJ P-O&NX in rock-

DEPTH OF 0.3. 30-?.0L DATE STARTED_ 29 March 196,7

ROCK DRLLE-. .. 29 .5L DATE COMPLE TED.IpriLlL - -- -- --
%eCOR RECOVERED_100 - CON TRACTOR_- -- mLrW~aS.- - ---

SURFACE EL 811.8 H L NO6-D36 N 3 65459
HOLE___ NO_67-CD___316 E 2,291,244*VA IOI % DESCRIPTION OF MATERIALS REMARKS

8118~ LG ___________________

LG Silty Sandy GRAVEL w/occasionol cobb 31' Aiqahalt pavement

Gm & boulders at sorsface

OK4 8 6" casing to rock

10 
1 S ilty SA N D (very fine)

20

Water leyel 27.7'

783.8
1.8 1 SiltX Sandy GRLAVEL Way Anulr muteriaIs

Top of Rock 30.0' NX caing to 30.7
GRANOD"OITE, medium to coarse-
grained, light-gray, hard. Water return 100%

Joints at 0.Vto 2.0' Interval% w/
\/ horizontal to 85 degree dips, mast joints No care lass

show trace to definite slickensides Inlwts349-5.

7/ No inflow at 4011

N Inflow test, 44.4 - 55.4
/1 No Inflow at 50

-~ Inflow t, 54.0 - 65.0
1/ Inflow 0.01 CFM of 6O0

inflow test 63.6 - 74.3
InflowO.03 CFMtA7D#

T I race gauge in broken zone, 73.2' inflow test 74.4 - 8.4
Inflow 0.03 CFM at N

Ai, mod. hard, horizontal contacts Inflow 0.05 CFM at W

go"\ RANODIORITE asabove

.C-IS



p -*-- -*- -~'f

SURFACE EL s11. s HO LE N067-CD-316 E 2 , 4 59

w IC 4 DESCRIPTION Of MATERIALS REMARKS

GRANODIORITE as above Inflow test 90.5 -109.5

pNo inflow at W

702.3 Boto 109.5

C-1T



CHIEF JOSEPH DAM _-PROJECT -COLUMBIA --------- RIVER

DEPTH OF HOLE- 59. - DIAMETER OF H OLE_2" 08 & NX in rock

DEPTH OF 0.6.-- - ---- DATE STARTED_ 28 March 1967------
ROCK DRILLED_ 2_5.8_ -DATE COMPLETED-. itLk-.il LY 1 ---

% CORE RECOVERED-.L9 A - -CONTRACTOR - La nIlqo

SUFAE L 119 HOLE No067-CD-317 E 2.291,316

Ev~r DESCRIPTION OF MATERIALS REMARKS

811.9 FL 00

Silty Sandy GRAVEL w/cobbles & Lawn at surface
GM boulders (24"), gray 6" Casing to rack

boulder at 3' to 5' depth

802.9 10
Silty SAND (very fine)

SM

Water level 26.5'

77.9 -Too of Rock 34.0'________
GRANODIORITE, med. to coarse NX casing to 34.6'
grained, light-Way, hard

Joint% at 0. 2 to 1. 5 intervals w/
/ horizontal to 80 degree dips, all joints Water return 100%

slickensided arnd *w/trace of chlorite
coatings

LAMPROPHYRE dikes, fine-grained,
doilt, hard from 55.5 to 56.9 &58.3 to Core los0. I'mstub In

752.1 460 1 59.8. contacts 20 ft dip battrmuof hole
bottom 59. 8'



-- CIN JOSEPH DAM PROJECT - COLUMBIA - RIVER

DEPTH OF HOLE- LI.LL . DIAMETER OF HOLE 6" 08 & NX in rock

DEPTH OF O.S. . 0-- DATE STARTED - 27 March 1967
ROCK DRILLED 84.8 DATE COMPLETED-1j8LMi_19-7
%CORE RECOVERED- 99.5 CONTRACTOR -- -....

N 365,462
SURFACE EL 811.3 HOLE NO 67-CD-318 E 2-291,317

C , DESCRIPTION OF MATERIALS REMARKS

1.3 ILO

Silty Sandy GRAVEL, gray 6" casing to rock

GM

794.3
I SAND (fine) w/occasianal gravel, gray

SIP

123 Tm of Rack 29.0'

/ / GRANODIORITE, medium to coom- NX casing to 30.4'> grained, light-a hr d coe loss 0.3'
Joints at 0. 1 to 2.0' Intervals w/ Water retb 100%

• ,t,, % horizontal to IV dee .dip, most joints Inflow test 34.5 - 47.5
40 "'' show trace'to well-dvel d sllicnd No inflow at 4Q9

feE entire hole inflow t 4 .

LAMPROPHYRE, fine-ained, d k o Inflow test 46.4-57.4
IN% mod. hard, contacts dip 30 degrees No inflow at 50

jLGtAOIOIE t 30 Inflow test 55.0 - 66.0GRANODIORITE asat 33.0'

No inflow at 600

.AMPIOPHYUE as above

GRANODIORITE, fine to medium- Inflo test 65.0-76.0
INN5] graired, dak to medium gray, hard, No inflow at B&

troce to moderately developed foliation

and bandhng, few thin pegmatite and
aplite veins. Veins and foliation dip

zI1 degrees to 30 degrees Inflow test 74.6-85.6
Inflow 1.7 CFM at WO

but proewe duration test
negates inflow.

Inflow test 83.8-94.8

9/4" saft zones at 8.0' & 83.7' w/ No inflow at U)
30 degree dips

...- Inflow test 93.4-106.4
Inflow0.11 CFMat

000 /\

c-11s



-'

S'URFACE EL 811.3 HOLE N067-CO-318 E A1

p"C % DESCRIPTION OF MATERIALS REMARKS
ON LOG

inflow test 102.8 - 113.
GRANODIORITE, medium to coarse

Xgrained, light-gray, hard Inflow 0. 13 UNM at

Core loss 0.4 as stub in
697. ___bottom of hole

Bottom 113.8'

C-20



- -- --

1 CHIEF JOSEPH DAM _PROJECT _COLUMBIARVE

DEPIN" OF HOLE_ 10 DIAMETER OF HOLE6"O NXnOS rc_
DEPTH OF 0.....~ DATE STARTED 27-March ---67
ROCK DRILLED - - 2 L - DATE COM PLETED.. 24AjriI VE-967 -

% C OR RECOVERED_VA 
- CON TRACTOR 

L la Dr& IC a -- 
-

SURFACE EL 810.1 HO ENO 67-CD-319 N2 3,1474

S POC DESCRIPTION OF MATERIALS REMARKS

2" Asphalt surfacing
Silty Sandy GRAVEL, loome, gray 6" casing & churn

(Probably fill) Drill hale to 17' depth.
NX casing reamed to

GM 27.0' depth

Hole advanced wAJNX

1793.1 lit to 36.0'
20 Cuttings shorw sand

SM Silty SAND, compact 100% water return
(Possible till)
NX casing reamed to
rock

773. Top of Rockc 36.8' Water 4evel 35.0'
40 GRANODIORITE, medium to coarse- NX casing to 36.8

grained, light-gray, hard, trace Water return 100%
N foliation at 20 degrees to 40 degree
<27dip, brecciated to depth 45.0' & brea

healed w/chlorite Inflow test 39 - 55'

/\Joints mostly at 0.1' intervals to depth N nlwa 0

45', below 45' joints at 0.1' to 5.0'
,V ntervals w/many sliecensided Inflow test 54.2 - 65.2'

Neg. inflow at60
7No inflow at30

AKContact dip 35 dgees Inflow test 64.3 - 79.3'
SCHIST, fin-oined, dark-gray, No inflow at 70F

odhrbiotite-harnblende -quartz

~,/ GRANIDIORITE as above
-' ' Contact dios 35 degrees

Schis as boveInflow test 78 - 89'
GRANODIORITE as above No inflow at WC

Contact dips 25 degrees

Schis asabv
7 GRANODIORITE as above

InflIow test 90 -101'

100 e,.,,,,ips. 'M learpes No inflow at W

C-21



F-4W

N 365,474

FSURF ACE ELA 9 10. 1 HOLE NO 67-CD-319 E 2.291,452

S PIC % DESCRIPTION OF MATERIALS REMARKS
LOG

SCH4IST as abov Inflow test 97 - 108'
GRANODIORITE as above No-inf low at W

:oe loss 0.3' as stub in

70.010 Bottom 108. 1 bgafhl

C-22



-qf S ------ - - -RIE

619.2 HO E WN 67-CD-320 E 2,410111

TG Pw DESCRIPTION OF MATERIALS REAK

COBBLES & BOULDERS w/silty sandy 6"casing to rock
CSLS grave

01ILDRS

80. 0 GM I Silty Sandy GRAVEL w/cobbles, dry, Water level 21.0'

brown

795.2 Top of Rack 24.0'

30 \" GRANODIORITE, medium to coarse- X casing to 28.2'
/\ grained, IigIht-gray, hard oater return slighit to

Joints at 0.1 1 to 4.01 intervals w/5 to 31 .0 and good belIow
85 degree dips, many joints iron-stined 31.0

40 1/8" gouge at 34.8, 39.0

765.6bottom 53.6'

C-23



-5EHRM _PROJECT COLUMPA RIVER

DEPTH Of HOL 4-9j --- DIAMETER Oft HOLE _t6 CO & 10 in rack

DEPTH OF O.B...- ------- DATE START- - L3 i 1tL -

ROCK DRILLED-- --- 1..4.7 -DATE COMPLETED_ AL - -~ -96

%COII RECOVEED-. -CONTRATOR- 2lILn! -ea -rl-l-n- -

SURFACE EL 815.2 HOLE NO06-CO-321 E ji# 144

s C %~ DESCRIPTION OF MATERIALS REMARKS
5.2j Los is_ _ __ _ _ _ ______

8.2 Silty SAND
Siltyr Sandy GRAVEL w/c;Gbr"_L _ 6" casing to rock

GM, boulders
808.2

0 SM Silty SAND (fine), loose, ton

303. GM Silty Sandy GRAVEL
8C0

Top of Rack 15.0' Sloping rock surface
N. GRANODIORITE, mediums to course- Churn drilled to 22.2'

grained, light-grey, hard
Joints mostly at 0.1V to 1.0' intervals\I w/5 to 85 deo"e dips, several iron- NX casing to 22.4

I/stined, few sl ickensides above 52 .0 &
manybelw, n jontsfrom40. to Water return 100% to

m30 'y beo,1o.9n.frm401t 27.0! 70% from 27.0
51.9.to 32.0', no return

below 32.0'
Inflow test 25.3 - 36.31

I/I 1.82 CFM at 300
40>

// No core lost
Inf low test 35 -50.1V

so No inf low at 30
50\/Inflow test 47.5 -58.5'

________________ No inflow at 400

SCHIST, biotit.4sorniblemde, dip 20
-\d odark-way mod hard

60 ~' GRANODIORITE asabove
as Inflow test 56.7 - 69.7'

No inf low at 601F

Brecciated and re 4healed from 64.5 to

74. /7 / 69.7
B1ottom 69.7

C-24



CHIEF JOSEPH DAM ---- PROJECT _ COLUMBIA RIVER

DEPTH OF HOLE_ 50.5 DIAMETER OF HOLE- Y _16A n.rjc.. __

DEPTH OF o.B. - -D5. _ __ DATE STARTED- . .. - pyM-. L -

ROCK DRILLED. -- 5_5_ -DATE COMPLETED. __8__! -%7

% COME RECOVERED- j.1.0 -_ _ CONTRACTOR - InIf.Drilr.Cw -.----

SURFACE EL 1. HOLE NO 67-CD-322 N

S PHIC % DESCRIPTION OF MATERIALS REMARKSLOS

Silty SAND (fine), loose, ton 6 casing to rock

10 M

794.120 Silty Sandy GRAVEL w/cobbles

GM Water level 23.4'

787.1 - Tp of Rock 25.0

\Z GRANODIORITE, medium to coone NX casing to 25.9
grained, light gray, salt to hard from 1/4" gouge in crushed

/ 25.9 to 30.2, hard below 30.2 zone at 27.3

Jaints at 0.11 to 2.0' intervals w/5 t ,
85 degree dips, many iran-stain d 1/16" gouge, dip 75

4 few slickauided. degrees at 29.0'
Water return 100%

HI T. biotite-hornblondo di 500
GRANODIORITE as aboveI/f No core Ios

761.6- _ _ _ _ _ _ _ _ _ _ _ _ _7. 
Bottom 50.5'

C-25



CHIEF JOSEPH DAM ___PROJECT COLUM. --IA RIVER

DEPTH OFI4OLE_70. DIAMETER OF HOLE__- NXQL in a k

DEPTH OF 0.3. 8. - DATE STARTED -... I .18MS97
ROCK ORILLED- -A1 -- DATE COMPLETED~ 23 o29--7
% CORE RECOVERED.... 100 CONTRACTOR L _ Drin .9..4 365,405

SURFACE EL 811.3 HOLE NO 67-CD-323 E 2,291,285

A PwC % DESCRIPTION OF MATERIALS REMARKS
811.3 H O

"GM Silty Sandy GRAVEL w/cobbles & 6" Aislt cone
boulders an surface

3 D CBLES & BOULDERS w/silty sandy casing to rock.BLR a*
803.3 10 Top of Rock 8.0'

GRANODIORITE, medium to coarse- NX caing to 11.0
grained, light-gray, hard ater return I00% to

sdo 
pth 59.2

o \ i" Joints at 0.1 to 5.0' intervals 50 to 80% below
- w/5 to 85 degreedip, most joint% Inflow test 23.8 - 36.8'

/ lickeolnided w/chlorite coatings No inflow at 300
Gouge, 1/8" at 21.5' & 21.6', dip

70 degrees Inflow test 34.4 - 45.4'

No inflow at 300

Contact 15040/ LAMPROPHYRE, fin.-graid dark Inflow test 43.2 -59.2'
0.13 CFM at 400

GRANODIORITE, medium to coarse-
grained, light-gray, hard

1/B" gouge at 58.7', dip 70 degrees Inflow test 59.1 - 70.1

60 Contacts 25 dies 0.27CFM at 600
LAMPROPHYR , fine-Irained Dike closely jointed

GRANODIORITE, medium to coarse-
grained, light-gray, hard, trace

741.2 0 foliation at 20 - 40 degrees

Bottom 70.1
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R" 4 r

CM .4_ _ .....- PROJECT _-_ -.-.. -IM-- RIVER

Z,, DEPTH OF HOLE-.. -,3- - - DIAMETER OF NOLE§..Q.Lj.t4A 1j _ ....

DEPTH OF O.S. 15.0 DATE STARTED- _28_A i/1967 -------

ROCK DRILLED_ 33.3 DATE COMPLETED. 9!o. 1_967
%COR RECOVERO98. CONTRATOR Laf DrillinC.

N 365,404SURFACE EL 811.5 HOLE NO 67-CD-324 E 2291,347

4 PHII4 % DESCRIPTION OF MATERIALS REMARKS
811.5 LOs "__

SM Silty SAND w/boulders
7.5 S COBBLES & BOULDERS

.5
Silty Sandy GRAVEL w/cobbes &

GM boulders

r796.5
Top of Rock 15.0'

GRANODIORITE, medium to coarse-
grained, light-gray, hardI"' NX casing to 20.4

Joints at 0. ' to 2.0' intervals w/10
to 85 degree dip, few iron stains,most Water return 100%

30 siickensided
Gouge, 1/8", dip 45 degrees, 34.1'

40K
S--i Core loss 0,5 as stub in

bottom of hole

763.2 Bottom 48.3'

C
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CHIEF~ JOSEPH DAM __PROJECT - .&JLyDL LA_ - 9 ---- IVER

DEPTH OF HOLE_ tQA_4 DIAMETER OF HOLE_. - :-L&bIs1rm

DEPTH OF O SJ .,.O T TRE
RO CO DILLD...824 DT COP TD.
ROCK~ DRCLL ED 2- - -IL -DT CONTRACTOR L-a -D2Priln 1o.4L

SURFACE EL 1111.1 HOLE NO 67-CD-325 E 3,21427

"S j *C % DESCRIPTION OF MATERIALS REMARKS

806.1 SM Silty SAND (firm), gray 6" casing to rock

10 Gravel mostly angular

1795.1
-Gravelly Sandy SILT, compact, gray (possible till)

78. - APROPHRE, drk. hrd NX casing to 26.0

W UNODIOBITE. light-araX. hard fater return 100%
LAMPROPHYRE, fine-grained, dark- 4o core loss
gray hard, contacts dip 60-70 degrees 'nflow test 30.1 -U4. 1

6! RANODIORITE, medium to coarse - oinlwa40
40 I grained light-gray, mod, hard, brecciate Jointed at 0. 1 to 1.0'

-/ and reheated. intervals from 26.0'-
GRANODIOITE, part coarse-groined & 70.0'%wAorizontal to

,,' light gray, part fine-grained & dark-gray 80 degree dips, many
reaction zones slickensided

GRANODIOR ITE, medium to coarse - nf Iow test 43. 0 - 54. 0'
grained, Iight-gray, hard D.29 CFM at _W~

1/8' gouge at 58.0'

Inflow test 53 - 64'

60 \ \ Mixed GRANODIORITES, as at 42' No inflow at 600

Inflow test 63.3 - 74.3'
Inflow 0.27 CFM at 350

Jointed at 0.1V interval,
LAMPROPHYRE asat32' ram70.0 - 74.0, most

fip 30 degrees
GRAMMOORiff asat 50)' Inflow test 73.3 - 86.3'

0. 70 CFM at 0
Jointed at 0.1' to 4.0'

Mixed GRANODIORITE as at 42' itvk below 74.0' w/
-Z horizontal to vertical

GRANODIORITE, medium to coarse- dips, mast joints slick-
90 grained, light-gray, hard, trace to mod. onsided

gneissic banding w115 degree dip Ifo et t8.

99.2 & 97.4 - 106.4
No inflow at 80f
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SURFACE EL 81i~ HOLE No 67-CD-325 N 365,407
_________________________ E 2,291,423

PHGR ICO% DESCRIPTION OFMATERIALS REMARKS
___ _ LOG ___________

- GRANODIORITE, gneissic as above

702.7Bottom~ 
108.4'
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-- 7-4w

--- CHIEF JOSEPH DAM_ _PROJECT - COLUMSIA - - - -- RIVER

DEPTH OF HOLE..- .!2..__ DIAMETER OF HOLE6'Ot & NX in rock

DEPTH OF O.S. 3. ___DATE STARTED- -ZbJAb 196-7------

ROCK DRILLED-..- - .YVL.- - - DATE COMPLETED-. Lk~y..% - -- --

%CORE RECOVERED 98.7 --- CONTRACTOR-. efDiln o

SURFACE EL 823.8 HOLE NO 67-CD-326 E 3.0653

S IC DESCRIPTION OF MATERIALS REMARKS
823.8 II LOG _______ _____

BOULDERS w/cobbles and silty sandy 6' casing to rock
SLDR! gravel, gray

Drill water runm out

t ILDR!through boulders

COBBLES & coarse GRAVEL w/silty
0CBLS 1 *and, gray

799.8
Silty Sand, w/occasionol gravel or

SM cobbles

788.3 7Too of Rock 35.5'
GRANODIORITE, miedium to coarse- NX casing to 36.8

40 groined light-gray, hard, trace foliation Water return )00%
at 30- 40 degrees Inflow test 38.0 - 49.0'

/ 0.19 CFM at 400

50 Jointed at 0. to 3.0' intervals w/5 to Water level 48.0'

~< / 85 degree dips, most joints slickensided/ .. iron stains on mnost joints to 50.0' and on Inflow test 47.6 - 60.6'
few to%9.0' 0.03 CFM at 60#

Gouge, 1/8" , dip 65 degrees at 48. 5 Inlwtt5907.'
7/Gouge, 1/8", dip 85 degrees at 59.0 & Noinflow at 700

61.0
7\ / Rock shattered and chlorite healed 60.4-

70f-~ 61.7, 73.4 - 74.5, 92.0 -99.9 Inflow test 69 -80'
1-7MO 0.05 CFM at 80

Inflow test 78.2- 93.2'
0.16 CFM at 80

Irregular contacts

- SCHIST, fine -gained, gray--green,
mod. hard, ch oritized Inflow test 91.6 - 102.6'

.16 CFM at W0
100 \GRANODIORITE as above

C-30



ii/.w U q(JJP51 ' ~z w -- ' -. .,

SURFACE EL 823.8 HOLE NO 67<0-326 N 365538

I TlTGRA DESCRIPTION OFMATERIALS REMARKS
LOG I

GRANODIORITE as above Inflow test 101.2-114.2
No inflow at 80

Gouge, 1/8", dip 75 degrees, 114.5'

1 /0 Inflow test 108.3-119.31
I 0,08 CFM at W#

Cor. los 1.0' m stub

704.5 120 
in botom of hole

Bottom 119.3'
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CHIEF JOSEPH DAM -PROJECT COLUMBIA RIVER

DEPTH OF HOLE 79.8 _ DIAMETER OF HOLE..6" 0B &NX in rock

DEPTH OF OS.-------S__ DATE STARTED ... 3APi 19 6 7

ROCK DRILLEDO__26.-8 ---- DATE COMPLETEO___28_J_iI_1967

% CORE RECOVERED- 100 - -CONTRACTOR o D

SURFACE EL 828.3 HOLE NO 67-CD-327 E 365,326__________________ E 2.290.677

EVO
TIONS PHIC DESCRIPTION OF MATERIALS REMARKS

C28...,H LOG _

BOULDERS & COBBLES w/silty sandy 6" casing to rock

SWDR gravel, gray

& Large boulder at 9' to 14'
CBLS dpth

20 Water level 22.0'

03.3

Silty Sandy GRAVEL with occasional
.0 cobbles & boulders

GM

50

Top of Rock 53.0'

GNEISSIC GRANODIORITE, medium-
groined, dark -gray, mod. hard, thin Water tr 54.4/ tr Sin n Water return 100%

60., e to depth 5 No core loss
GRANODIORITE, medium to course-
grained, light-gray, hard

/ Joints at 0.1' to 2.0' intervals w/
horizontal to 70 degree dips.

70 \ / Pyrite & iron-stains at 69.4' & 70.1'

748.5 8
8 Bottom 79.8'

C-$2



CIjIEf £OjEfHQ&i. _-_PROJECT _COLUMBIA --------- RIVER

IDEPTH OF HOLE- 1- -- - DIAMETER OF HOLE ' .OB & NX in rock
DEPTH OF 0.6. - ....- -DATE STARTED- i±&az.L 9 C ---

ROCK DRILLED- -Z-§ -- - DATE COMPLETED.. 8 June1967-------
%CORE RECOVERED-.. 100- ~CONTRACTOR 1ef-DrsIirg Co

SURFCE E 84.5 N 67CD-38 N 365,155
SUFC L825 HOLE NO6-D38 E 2,290,845

PHIC DESCRIPTION OF MATERIALS REMARKS

825 LOG _________

C&1 COBBLES & BOULDERS w/sifty sandy '6" casing to rock

BLDRI groveLosing 

drill water

Water level 34.0'

Boulder 47' to 52'

790.5
Silty Sandy GRAVEL w/cobblev &

GM0 
boulders

778.5 TpRc 40

-gray, mod, hard w/l' GRANODIORITENXcsnto6.

Water return 100%

grained, light-gray, hard, No core loss

NJoint% at 0.2' - 5.0' intervals w,

- 5 - 85 degree dips

Gouge, )/8" - 3. j6', dips 65, 80, 85/ degrees at 67.3, 67.8, 68.2

752.0 Bottom 90.5'

C-33



/p

CHIEF JOSEPH DAM PROJECT __COLUMBIA --------- RIVER

DEPTH OF HOLE- - L93_ - _ _ DIAMETER OF HOLE 6" 08 & NX in rock

DEPTH OF 0.9. -_J6Z.Q_.__ DATE STARTED -.. riL167-
ROCK DRILLED. 25.3 DATE COMPLETED~_ EL2-ul1_9_7- ....

%CORE RECOVERED95 .2 - TCOfiTRACTOR -Lef Ptilna Co -.-----

SURFACE EL 9652 67-c-329 N 364,936HOLE NO E 2.290 047
S T PR CORE

EA PHIC % DESCRIPTION OF MATERIALS REMARKS
965.2 HLOG o _8

963.2 : SM Silty SAND (fine), loose, ton "hum drilled w/ 6" casing
. CBLS COBBLES & BOULDERS w/silty sandy o 147.5'

& gravel NX below 147.5

BLO L.R Boulder 9' - 12'

I

937.2 30 1 Silty Sandy GRAVEL, occosional
GM cobbles

4r,

50

907.2 60 I Gravelly Silty SAND, gray

SM

896.2 70 SM Silty SAND (fine) compact, dry, orange

89 .2 "-_ _

S1ity Sandy GRAVEL w cobbles
8_ GM

90

870.2
SP SAND (fine) w/silt

100

C-34



SURFACE EL 65.2 HOLE No 67-CD -329 N 364,936

LEVATK
TIOWS HI % DESCRIPTION OF MATERIALS REMARKS

LOG

7Sp SAND (fin*) */silt
862.2 I

SM r Gravellysilty SAND

120

845.2 10

GM Siltygondy GRAVEL

835.2 W

SM Gravelly Silty SAND

882140: j Silty Sandy GRAVEL compact, dry, gray,
-GM (till)

817.2 150 GP Sandy GRAVEL No water return 148.3-

813.2 150.5
802 SM Silty SAND (fine)
81.2 GM Silty Sandy GRAVEL v/cobbles

807.7

SM Silty SAND (fine)

798.2 - -Top of Rock 167.0 ________

NX casing to 167.0
I- GRANODIORITE, medium to course-

N grained, light-gray, soft 167.0 - 168.0,
soft to mod, hard 168.0 - 172.0, hard

/below 172

180 N Joints at 0.1' to 4.0' intervals w/5 to/ 75 degrees dips, most joints iron-stained,
\ ,, many slickensided

Gouge, 1/8', dip 65 degrees, 179.2'/Gouge, 1/8", dip 65 degrees, 184.3'

196, Core loss 1.2' .s stub in

772.9 ~ ~~Bottom 192.3' bto fhl
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-CHIEF JOSEPH DAM _ -PROJECT _COLUMBIA --------- RIVER

DEPTH OF HOLE- 93.0- DIAMETER OF HOLE__ 6- 0'8 & NX in rack

DEPTH OF 0.3. 7 _0- DATE STARTED- - Ld6.March 1967ROCK DRILLED- _Z.__- DATE COMPLETED- IMsPY-- -- -- ---
% CORE RECOVERED9.2 ---- CONTRACTOR - L~.i~i ~------

N 364,670
SURFACE EL 994.8 HOLE NO 67-CD-330 E _2289,524

TOS PHIIC ~'DESCRIPTION OF MATERIALS REMARKS
994.8 H LOG ~ ___________________

918 SM Silly Sand tfine) loose, moist, ton 6" casing to rock
99.8 CBLS COBBLES & BOULDERS

Silty Sandy GRAVEL yr/mny cobbles&

GM boulders

979.8 -___ __________ __

GIM 'ilty Sandy GRAVEL, ./occasional

975.8 SP cobbles

971.8 5PSAND (fine), gray

Silty Sandy GRAVEL, w,'occosional

GM cobbles, loose, gray
30

40 1

50

6C Hole dry

926.8 AP AND (fine) loose, gray ___

927.8A)\/-N 
a'gt675Tap of Rack 67.0 N aigt 75

/\I GRANOOIORITE, mediumn to coarse-
grain ed, light-gray, hard Water return 100%
Jointi at 0. 1 to 1. .5' intervals w/

\ / horizonstal to 80 degree dips, mn' joints

80 .'-/ sI ickensided. Joints iron-stainod at 75.5,
84.4. 87.0, 87.2, 88.6, 88.9, 89.1,

- 89 89.6 99 90.2, 92.0

-GRANODIOPITE & joints as above

901.8 -- Bottom 93.0

1007e



Kole No. 72-.- 350
DIULNG LOG NPD .11 LI.,'SI

O.JITT W. SIZE AND TYPE OF BIT
Chief Joseoh Dam *I AU O LVTO HW TBA Li

I. .LOCAIO .... -IjW
11 366ll '505 r 2-295 -16o it MANUVAC URER1 SIGATO O GRLL

S. DRILLING AGENCY CP-650 Air Rotary, Star 71 Churn Drill
Smith Drilling & Associates 12. TOTAL O0. OF OVER- . TRE IITEE

4. HOE MO (A. 1..., - ~..j ns~l URDt SAMPLES TAKEN: 1 0
Sm. ~ 72-D- 350 1

a. MANE OF DRILLER I& TOTAL NUMBER CORE BOXES

CarlI S':u1th IS. ELEVATION GROUND WATER
S. DIECTION OF HOLE ' TARTE AC.ITD

IS. DATE MOLE 7AZ 17 1,'-t.7

7. HIKNSSOFOVEAUUC 18 1. ELEVATION TOP OF HOLE 949.5

6 DETHDRLLDINO OC 91. TOTAL. CORE RECOVERY POR BOR0ING -S

* DETH RILED ITO OCKIN. SIGNATURE OF INSPECTOR
STOTAL DEPTH OF BOLE 207 D. Kellun___

ELVTO ET EED CLAMSIFICATION OF MATERIALS 1o CORE BORO REMARKS
ELEATIN DPTHLEGND D..,4jIRCOV. SAMIPLEF (D.GISIJ I1M.6 -p I.H. =stA.I

. b E N IB
949.5 U - Sandy Silty GRAVEL w/ ceb uje Hole drilled with CP-650

z and boulders, dense, gray Ar Rotary to 421.

10hrn Drill Star to Z

W~ie -)akini water @ 203'Z

20 ThL16' 8-8-72
927.5 - 45'

z Clayey SILT with cobbles, SL15' 8-10-72
tan .S'.6'

30- M

911.5

'440 S, ty CLAY, niacaceous, gjray
CL to black 8-11-72 Z

905.5 __I

901.5 41 Clayey SILT, micaceous. tan J9/8
901.5 _31. 20.31 9-231-72Z

50 5ilty GRAVEL, dense, gJray 1 4.5

845.824. 3
39 3.5 CL Silty CLAY, gray to black - - _9-25-7?

EYAU1.IR, basaltic, dense,
60 gray SWI 29.5 9-26-72 z

886.5 9'- 2 3

SILT, laminated, niicaceoos. 211=P0112, 100/6" Z
7: gr-vr

70 5/8

C'.AY, gray to tan iWL 70' - -27-72

169.2 Z

Hoile -akin-, water 81'
368.5S_______________

SILy (;RAVEL, angTular rock
fri r:Yrrtn, yellow to 1;ray N 2,3/ 2'

010 POMA 18 PREVIOUS EDITIONS ARK 0600L.912. CifJ~,hD

MAN TI"7''D-3
fTRAMAEUCAN

C-3T



DRILWNG LOG (Cent Sheetf;;; ,or Wu 949.5 Hole No. 72-D-350
P§OAO2

Chief Joseph Dam S 3 m
aAssvicAPm4 oF mAPKBMs 11 coat laxOl IM0N

-VAUO N. &LO ICOV. SAM0I (D... ... A.... d*

a__ b Cd fB
849.5 10- CL Silty Sandy CLAY. yell:c

844.5 SWL 20-- ClayZ c r-'d l ' =,an--t5- ,. 19.5 10-4-72

gray-brown Re
11N =120/12", 60/6"

SWL 48.8 10-7-72

SWL 22.6

832.5 - Hole caving - Drive
Gravelly SAND to Sandy casing ahead of drilled

120-- GRAVEL, gray hole.
SP-
GP

819.5 130 -- -

Sandy GRAVEL with occasional SWL 53.71 10-9-72
cobbles, gray to tan SWL2

I N=150/12"

140 SWL 27' 10-10-72
SWL 18'

- N=50/12", 86/12"
SWL 29.5' 10-11-72

150 G SWL 18'

160

N=40/12", 60/12"

170

SH! 23' 10-12-72

SW!. 18.2'

180
N=225/12", 170/12"

190-
SWL 19.7' 10-13-72

754.5 i" ~ SWL 15.8'
-5i5t- S+=25/12", 25/12"751. GM Silty Sandy GRAVEL

751.5 - 1.' 0162

749.5 200 - Top of Rock - GRANDICIRITE 5.4'
-=500/5"

SWL 20.3' 10-17-72

18 - Iief Jomph Do -- 350
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DRIWNG LOG (Coat SMOeet"Afll" 101 01 "M 949.5 Hole No 72--35

Chief JosepVh D.im NPS- m'
UIVAION D~l ~ CASSWOCAWI"f Of MAURMaAL %col So of ,, EMARKS,Jj

a b C d I. H ___ 0

749.5 200 GRANOIROITE SWL 18.9' 10-18-72
5WL 113.Ul

742.5 210 -10-19-72

Bottan of hole @ 207'
Casing @ 1981

ANote: Nblad ounts
inches drivry -

3I EM1 1836-A ( 'I' "o')i .. . Poomana .a'

ANo Chiof Ta;.hDdni 72-ND- 350
C-39



IS.~Me*1s ELE2-0-351N WTE

OMLNO7. I" " E, NTLLATION ON 61 1i~ 10

7 c ?N S OP. 
s icSU OE 2 4 7 T Y E O il d - - l p 3 $ 9 T

S.e ToOTAL COam REOEK 0 RN

6LMPCTO O1pP 2AEIL .. ICOKI.. MIRAIO OK DRILL

ar LELEVATION GR? EG N E O UND S A E RDas, , .. d A

a7. THICKNESS. 005 Cablesog 247I If OTLCOERCOEY otra -'drl

100

AL9 SIGNTdR OFUT INSrPECTOR
9. TOTA DEPTHOF ones 258. cDntorted. c-Wrglt
ELEVATIONedde DET EED CAsIl.ts EAK

50O. M E W

SW n 695to205

10

20-4



DRIWNG LOG (Coot Sheet) ItWAIoW m, a " 1002 Hole No. 72-D-351* ~~flC?.aTu~taMohll 2
Chief Joseph Dam NPS OF 3 ,m,

CLOAT.ON OF MAflaAlS *I (OnU.g .I. ,.IVATION ODP UG P ,, NO w.,,,M. ,.,.. ." IIu
b d f -A9

aSandy Gravelly SILT dense, N= 200/8

898 gray

Silty Sandy GRAVEL, w/ cobble 1: SL 75.5 9-27-72
and boulders, basaltic, dense I 72

110- gray water bearing

SUL 78 10-01-72
SWL 72

MN=400/5" 10-2-72

12OZ SWL 70 10-3-72

876 10-4-72

Boulder, basalt, cinse, 5WL bj.9
130- gray

GP SWL 68.7 10-5-72

868 -- slysnyGAE.wN- 200/12, 200/12
-Silty Sand GAV , w/ SWL 69 10-6-72
boulders, anrular dense, gray .8

1 99.8 
10-7-72

1L80:3 10-9-72
SWL.GM SWL /U. 5

SWL 83.9 10-11-72
SWL 83.7 10-12-72

-10-17-72

847 SWL 80

-Clayey ity SAND, basaltic, SWL 85.7 10-18-72
-SC black to gray 6WL 84.8

842 160- -Z Sandy Clayey GRAVELSWL 90 10-19-72
160- Sandy Clayey GAVEL ' SWL 87.9

GC
N=220/16

835
833.5 - GP COB_ _ _ _

70 Silty Clayey SAND with some
1 gravel, gray T

N=- 93/12, 115/12

SCSWL 85.7 10-20-72

180 S SWI, 80
0- N= 300/24

F, lled hole w/ water

SWL 17.5 10-21-72

190 31YL J" .

802 200

AN *T Chief Joseph Dam 2-D-351
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I , mp , l .m .p., w

ORIWNG LOG (Con# Sh..tj % O 00 72-D- 351
* OAa Chief Jr, s.-nh Da M V N, 3

CLASSWfICATION OF MAVIRMS4 %coa OI i l O IMANKS
IKIVAION DePM UC. AI|COV. SAMWiW (D-dq A.*, .. I.... Ak .J~lWnONO~lfH L~dED (Lms~) NY NO .. " q. Ii., */l*)tt

• b d * I
of fIIt y cloye-y TN-D - - - _ __-

-Juybls t3man GM10-22-72

210 GC 
W 160/6, 370/12

10-23-72

220= 120/12, 125/12

10-24-72

230

-97/'12, 216/12I
24

S 78 10-25-72
59Lbl.7 N

= 
500/6

755 Top of Bedrock WL 72 0-6
Granolorite 5L72 10-26-72

250-
-3M, 70 10-27-72

72.3

743.5 _ _ _ _ 74.8 10-30-72

260- Botto of Hole @ etk.t'

Chief Joseph Damn
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SkI. Me. 72-r-- 152A

INSTALLATIONS

QJ9U. Silt AND TYPE of SIT 8" IRB & 6" hi t
chief Jose~i )anf IL. DATUM FO ELEVATION SHWnW mJU - Ij

N. 466.T Colr ANPCTNRSOEIiAIN FON

.DRILLING AQENCY CP-5 Ai utay ir71CuiDil
ISmith Drillini1 & A.ssoc. I&. TOTAL N.OF Opp, S~Uf~ IUNW~1Uftem

:0 -- 72- Ep- 352 A SUNDERI AHL9E TAKEN

NAME O GRILER 14 TOTAL HUNSCR CONE FOXES

Carl mithIS. ELEVATION0 GROUND WATER

a. DIREICTION OF HOLE 16 OAE HOL

If-; DATE HOLE I !

9. TOTALEPTHOFMLE_274 _ S Wright. D). Kellumn

8oar

ver desegraSaleTo Str r 71-us2

SWL dry

\VgYth N= blow counts
30-7 in- ,1iven :_

ML

40-

5o07

Zones of :sler drillin',
7(-9331. 95-97' ,99-1,33'.

60--

70-

1 919 100

1"N Ii836 PREVIOUS EDITIONS AR OStOIET. -NO CT -lN.

(7RAN5LUCENt"

C -43



DWNG LOG (COat SheeT" I* 1019 N o . 72-D-352A
Chief Joseph Dm1 3

SUVAtION 01"l 0o"e c om-*-)~nc NfM~UU IOW. SAMMt D8 .. w5..d.* D..VjN M. --- .... 4 .. ,,~
b C d _f

91 9 tM -- layey afM S , with
cobbles and boulders, gray~N= 130/12

V 110 . L

904.5 8-2-72
Sandy SILT w/ gravel rnioace7< ;, I SWL 90,ML d r ang-brow\

898.5 120 dW 100/18

Sandy SILT with interbeds of I 8-9-72
clean SAND

-11- 72
130 M

10 101 8-14-72
to Si

sp
8-15-72

1 40

875 8-16-72

Sandy GRAVEL clean, water
Sbearing > 50 GP N 285 Blos norecovery

868.5 150 SWL 137 8-17-72
- ty SAND, lmbrn SWL 85.7

864.5 water bearing SWL 98.2 8-18-72
Silty GRAVEL, with sand, I SNTL 85.7 N= 300/7

_6brown SWL 97.5 8-21-72
160_ wi

855 N- 100/12
ravelly SAND with cbbles SWL 101 8-22-72
and boulders, brown

170 SP SWL 86'

SWL 100 8-23-72

841 180 an-,ei r,-- o re I N= 75/18

water bearing

SP

832 8-24-12
ilty SAND, with sae gravel, SWL 88,

190 rown-gray

SM
Hole heaved badly @ 188,

Sand heaved inside casin
to 141'.

200819

- UChief Joseph Dm5
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- Ur -6 "a -- I- -__ r

DMIWNG LOG (Coot Sh of "M 10 19 Hole No. 72-D-352A*Chief Joseph Dam NPS *3 3
.. . .... con, neO, on a,nn

CLAWSmCnoN Of MvATERU %Ct O OtASX
IIATCHOff?" LI fo )cov. I5AMP I (., k. ,., 1.. ,k *

b c d - - £
UIj 200 - Silty SAND, with trace of

small gravel, brown-gray
SM 1 i19'

WL 87'

210 Hole heaved badly from
808-Gra 200'-250'

gray-brown

22 3WL 97.51 8-28-72
220 WL 97'799

.L 55/18
to loose, gray-brown

GM
793 -1W .6' 8-29-72

Interbeds of clean, Sandy -" 87.4'
230- GP GRAVEL w/ Silty GRAVEL

tto N 66/24

W - 42/22

778.5 240 - SL 92.6' 8-30-72"- t rave -51M, clan, SWL 926' -3-7

water bearing W 8b'
SP N= 250/22

769 250-
Sandy Silty GRAVEL with clay
and obblesI

SWL 89.6' 8-31-72
26 

'
4

. .  
S WL 87." ) "

260_-
I W=-142/18

SWL 93.5 9-1-72

75J Top of Bedrock I
270 GrarnocLorite N= 250/2

746 3= 400/0 refusal
Bottom ot Hole 9 273' 9-4 to 9-14-72 - Fished

Lost tools and seated

280 -casing @ 269'

NOLE: Sand entered hole
around casing shoe -
Back filled with gravel
to 268'. Placed grout

290 cap on gravel to 240'.
Cleaned out grout to
263'.

. Chief Joseph Dam 352
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HoIe No. 72-D-353A
DRILLING LOG 7 __1M NPD NPTALLA3 swvI

PINXCT CEJOPHDMSZE NQ TYPE OF INT

2. LOCATO Cw~f rStW P AU O LVTO Nnfa rm

N 366.600 E 2,294.795 2. II*MACTIKnr EC4#AT1*IOFO.
3. OftLW. AGENY C-650 AIR ROTARY S STAR 71 CABLE TOOLSMITH DRILLING ~.ASSOC. 3,TT.I OW- EYSD #PLE

s"Mma)72-D-353A SALSTME 9
S. N"* OF OR.LER I OA LMCR OE

.CARL SMITH IL ELEVAION GROUND WATER
6. DIRECTIbO 0OL H.AOLE E STTED jCODIT(D

10 VETCAL 0 ICLIED 0 DEC. FROM VERY. -24 AUG 1972 13 MAR 1973
1,- ._q ELEVATEI TOP OF MOLE 99*

7. THICKNESS 0OF OEWAWN 228 IL. TOTA. CORE RECOVERY FOR BORIG97.

I. DEPTH4 QRLLD MTVl MOCK 1? SIGNATURE OF INSPECTOR
2. TOTAL QEPT1 OF MIL 240 __ . KELLUM
ELE VATEI WIN~ LEGEND CLASSUFCAYI OF MATENALS CO bo OR REMARKS

979.5 0 SM SltY SAND w/ gravel and Hole drilled w/ CP-650
976.50=1m - -Air Rotary to 105 ft.

Sandy Gravelly SILT, w/iI Churn Drill Star -7l
num. cobbles & boulders drilled from 105 to 240'.
very dense, dry, gray.

10-: Deposit contains local thin
Layers Of clean) sand w/
gravel-can contain perched
watesr.

20-

30 Local sand layer- Hole
I making water: approx.

I gpm.

40

ML

50

60 Hole Blown Dry B87

.W.L. 34.2 ft

70

80-

90-

879.5 10_____________

ENG FORM 636 PEVOU EDITKbe ARE Ossan. MTI.LE ft
SChief Josoph Dam 7(2-D-353A
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OALLIJGy LO CntSe 979.5 Hole No. 72 -353A
PR(WECI 167ALLATON 2

Chief Joseph Dom NPS I SMECTS
2 CR Box ORt REMARKS

ELEYATOM rEPIh LEOM C.ASWCATON OF MATENALS RECOV- SAMPLE ~t'~f~7I~A *h

879.5 100 4L Bottom of GlacialTill S.W.L. 58'
Clayey Silty SAND.w/ S.W.L. 78.2 11-7 72num. angular basalt cobbles
and boulders:water bearing. S.W.L. 66.5

110
S.W.L. 75' u-8-72

I S.W.L. 66.8 11-9-72

120 SM SW.L. 57.3 11-10-72
S.W.L. 61.7'

1l-Il to 11-21-72

130-
S.W.L. 62' 1-22 to 11-27-72

11-28 to 12-2-72

839.5 40- - Clayey SILT,w/ minor sand SWL 65

ML4. so t b a k Easy drilling to 149.
834.5Hole caved to 141'.

Gravelly SAND. coarse, tan.
SP 12- 3-72

ISO
827.5S.W.L. £0.5'
z Sandy SILT w/ gravel, gray 12-5-72

ML

16S.W.L. 61l' 12-6-72-
818.0I

Silty SAND wi/ grovel

809.5170-S.W.L. 58.4'
GRAVEL with cobbles and --.L 57.6' Z'157

GP bouders.Hole caving below casing

801.5
IS0 - Silty SAND. fine to S.W.L. 58.5' 12-16-72

coarse. tarn

I12-17 to 2-28-73 -

SM0 S.W.L. 65' 3-2-73
S.W.L. 66.8'

S.W.L. 78.4' 3-3-73

779.5 200

-N -M 13-mo DaAR -eEE 1PftOJCT -HL

MA RM 83- VJSEI0 A S@ Chief Joseph Dar. 72-D-353A
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DRILLI G LOG (Cont Sheetl EL
' VAT

M TOP OF WX( 979.5 How No. 72-D-353A
RMOCT TA.LATO4 SmEET 3

Chief Jose h Dom r NPS w 3 SMUETS

ELI V,,.U DEPTH LEEDD ' C. ,OfO H S iCOY- m. - d

779.5 200 Silty SAND with occAs.
grovel.sd-f. to c.,ton

Hole coves and heaves
210- ] -7

S.W.L. 62.6'

SM S.W.L. 59.3' 3-6-73

S.W.L. 63.5'220"
3-7 to 3-8-73

SW.L. 61.5'

3-9-73

TOP of BEDROCK S.W.L. 56' 6 csng
230 Gronodlorite segaed in rock c 228.1'

S.W.L. 60.4'

739.5 '40 '3-13-73
7395 240- Bottom of hole a 240'

ENG FORU 636-A Pwva6U woom, Am matyL r c Nk
WA A Chief Joseph Dam 72-D-353A
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HlN.72-D-i;1
INSTALATIONSHE ET 3

DULLIN LOG NPD WSor I $Mary$

0.SIZE AND TYPE OP BIT 8' bUtt )n bit: 6'' uit

Lhie LOATO e fc Daf loDwM hiLEAIOalWS TU.

:j 366. 725 Ei 2, 294, 755 12. MANUFACTURER'S DESIGNATION OF OPILL
DRILING n A097oc CO-650 Air Rotary: Star 71 Cable 'pbf

A.- ~BURDEN SAMPLES TAKE

L NAMEOF DRILER.I. TOTAL NUMBERt COME BOXES

-- l IC ELEVATION GROUNID WATER

BL DIRECTION OF HOLE ISYARTIO !CONPUETE

W90ETICAL OIRCLONED 0EW. PROm VERYl. It. DATE HOLE 1 4 Au'3 1972 ;13 .March 197-

1. ELEVATION TOP OP HOLE 1032
7.I ICKNES OP OVERBURDEN 289 .0
a. DEPTH DRILLED INTO ROCK 195 OA OE RCOEYPPBRN

______________________________________ I. SIGNATURE OPINSPECTOR
9. TOTAL DEPTH OF MOLE 308. D. Keliliyn___ ___________

CLMPCTON P ATERIALS ScoPoXt PREAK
ELEVATION DEPTH LEGIEND CLSII(..TIONP RECOV. bAMPL a" iIa~ _A ~ . d~ph .1

RY NO. ~ MI4.N.U.er~~

b d. B
W~ill 0 - C; Silty Sandy GRAVEL, tan Hole drilled with C -650
1029 -Air Rotary tol10.

Sandy Gravelly SILT, with Star 71 Cable Tbol used Z
nueru cobbles and frcsi 100' - 308.5'
boulders, very dense,

107 basaltic, dark gray WM

N~blow counts
in-ches driven

201

SKL dry 5-14-72 a

SNIL dry

30-

40-

6017 dry 8-15-72

:Ldry

?-16-72 & 8-17-72

80:

N'7TE: 9-21-72 WI. wa.;
r,5' with hole dezth r'

9 95. Water source '7y'
be -3erched zone @ 60'

93 -1 - SW. 93.5' 8-18-72 F

046 FO"k 136PEIUCOTO$ACOSLE PROJECT oaN
MAR 71 136PEIU DTOSAEGNLT.chief Josenh Dan721-31

(rRARSLDCERI7
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D=WNO LOG (Cent Sheet) a avtop , 1032 HOle No. 72-D-354

POMOChef Joeph Dam 0TAIO NPS 3w
O.ASWSC*PON of "M"~M 'L COO' 10101UMElY' MO. 1'E. 6. 'I .=-.t"& q

a b d . I
332 100 Sandy Gravelly SILT, with r , 01

numerous cobbles and 125/12
boulders, very dense, dark hole
gray 10-20 to 10-24-72

110 = 300/18

- 10-25-72

17 ~ J68,

W\ 175/12
12

82' 10-26/27-72

11 5 15.6' 10-30-72
SWL 1S'

130 ML SWL 74' 10-31-72
SWL 72'

SWL 88.5' 11-1-72

i. SWL 88.51

14.-: N= 225/11

885.5
Basalt Boulder, very dense, SWL 83.8' 11-2-72

15 dark gray SWL 105'
1 GP SWL 90' 11-3-72

6WL dul
878 SWT. 117' 11-6-72

Silty Clayey SAND with 7 SWL 10'-
cotbles and boulders, very N= 280/20

1- dense, dark gray SWiL 130' 11-7-72

867 Hole be'gan to heave
Silty SAND w/ scattered
gravel, moist dense,

17J" water bearing, tan

SM SWL 132' 11-8-72

I SWL 128'

853 18()- N= 175/18
-- Clayey Silty SAND, dense, SWL 140 11-9-72

849 SC gray
G4 Silty Sandy MAVEL, very r __________ 1__ 0__2

845 dense, gray SWL 107'
190 Clayey Silty SAND w/ minor

SC gravel, yellow SWL 181.5

839 11-13/19- 72- -S t'l -- w-----o I4= 247/12

very dense, tan 11-20-72

832 200 .3' 11-21-72

me orof Joe Da-

c-s0



OwNOw LOG ICont Sheet) "rvAol %W of "M 1032 Hole No. 72-D-354

"Ono Chief Joseph Dam NPS 3

Q"$," W MA% C STOS %o a AEoMMSE O OIICOV. SAMPLE (O.Md8 .,... - I... dJ.p*

S b d . f .. . . .. .~1 0 Silty Sandy GRAVEL w/ __________

cobbles, very dense, tan
r\SWL 112.2' 11-26-72

210 G

817 SWL 126.3 12-21-72
Silty SAND w/ small gravel SWL 128sones, moist, dense, tan I 210/18

220 2-9-73220

SWL 128.5 2-10-73

SWL 128.7' 2-12-73
SWL 129.1' 2-13-73

803 230 SWL 130 2-14-73
STilty Sad -VLW/ trace-
of clay SWL 114.7' 2-15-73

tq 295/18

S.AL 108.5 2-16-73
792 240SWL 115'

Silty SAND W/ small gravel SWL 101/

Heaving probler fron
225'-240' & 265'285'

250 SM
SWL 115' 2-19-73
b L 108 .V2

SWL 112.8' 2-20-73
260 SWL 110.5'

SW! 115' 2-21-73
767 N= 310/18

Silty Sandy (IRAVEL with [ SWL 112.5 2-22-73
cobbles

270 SWL 118.4' 2-21-73

110.8' 2-26-73

-13' 2-27-73

SWL
280 _ SWL 114.9' 2-28-73

-SWL 105.6'

SWL 108.9' 3-1-73

743 Top of Bedorck N= 120/3290 Gran or te

3-2 to 3-13-73 Drilled
bedrock and seated
casing @ 289.6'

300

723.5

10-- BOtfc at noie 0 30u.

SI63-A M , .e~s.. !f Joseph Dam-D35

A" W-D-354

C-5 I



PROJIECT Chief Ja.tdh Diam HoLE NO. -

LOCAT ION PWAAC INSPECT ZO.R.
DIPTn Of HoLE 97-8 COSIACTOR r.....l
D(PTH OF 0.i. 71-2 SATE STARTED I Ma. 7A
NOCK DRILLED 26.6 DATE COMPLETED 6 Mnrch 74
% CORE RECOVERED 100 SURFACE EL. 810.0
CIAN. HOLE A" Q A a 365.719 E 2,291,334
EQUIPr Ht&H ood ia"*i Drill 43.4

CORE DESCIIPTION OF MATERIALS REIMARIS

SellI lisi *t L . l#te1 Lsea as Start
E 5 I t ic.i. Cus 5 s . ' 5. .. . .. Start

HT SLOW Coadmo ie .$ ??1: of sit, Actima
Drill, a . t .. of aiei l , S vlter

N ILw. or i1.11te. Vater Color. Williq
Colar ?told Ilets etc.

GP Sandy Grovel w/ numerous
cobbles '5"), loose, brown to
gray tFill)

-- (Silty Sandy Gravel w/ Few
cobbles, dense to very deme,
brown

I Sand w/ gravel, dense to very
SP detsoe, brownish-gray

6 Mar. 74

• i0.- SP - Silty Sond, dense to very densl,

SM I brownish-gray

I

ML Silt, hard, brown
" - Silty Sandy Gravel w/ blocks
GM (2n")- dei. brown

nd w/ gravel, dense graySP

7 70 OP BEDROCK
GRANITE, light, hard NX CORE below 71.2'.

Most core lengths 0.1-1.3';
from 77.2'-78.0', pieces I/4".

Water return 100%

DIKE, dark, hard
CONTACTS dip 70 degrees
GRANITE, light, hard Installed I pvc piezometer

90 pipe perforated 45'-65'.

iB" Gouge

100 ottom of Boring ' 97.8'
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PROJECT Chief J o ,,,h D"n OL.E NO. 7-O- 6
LOCATIO Powerhouse INSPECTOR Zirkle. Eckerlin
DEPTN OF ROLE 119-6 CONTRACTOR Govement
DEPTN OF 0.1. 92 6 DATE STARTED 12 Dagamel-r 73
ROCK ORILLED 26.6 DATE COMPLETED 10 January 74

% CORE RECOVERED 100 . URFACE EL. 810.5
DIAM. ROLE 4" 365 740 E _2,291,300
EQUP & I4nwaod C D ;Ill 43.3

CORE DESCRIPTION OF MATERIALS REMARKS
soils 0"11,C41100 Ca ow, Dci a. tar Le S itSI

ET~ Plastic ity . '1 Ole~~ . l.li tp 5 I t~t 5.4 tIr tech Sicit I SOl, Ditlllsi

PT H iLONS C-oit,o. Tas. si. i f W t Ac,.1 , *.tro to. I MollOr

N.~r
8.0A. H JFT co~~r I C

0
1

0
j '

Silty Sandy Grovel w/ nume,
GM ot cobbles (10"), boulders

(24") and blocks (24"), looe

brown (Fill)

1

I 88 Silty Sand w/ gravel, very

SM dense, brown

172

- T 70

89

ML 1 68 Sandy S;lt, very dense, gray

144

j 146

. 141 S;lty Sandy Gravel w/ octo-

70 GM sional cobbles (5), very
- 136 deno, bluish gray

0" SP Sand w/ gravel, very dense,
195 gray

Silty Sandy Gravel w/ occe-

GM sonal cobbles (4"), very
90- dense, gray

717.5 - - , ..... ...
GRANITE, light, hard NX CORE

S 100 ----'""_ Core Iingths 0.05' to 1.0'

DIKE, dark, hard Water feturn 100%

C-53



PROJECT Chief J Dw HOLE N0. 73-RD-356
LOCATION pAwhd_ SII._. of ..2

CORE IESCRIPTION OF MATERIALS REMARKS

& Soils Cll* ell1icitif Co

o - Pleatic ItI led Be a i L. liter evel at Soto rp I god .1loc II ilft I 5... DvlliagI

I N LOWS Coed" 'as Tim. Stif &?Tip*f Bit, Act r
Tlii, lte of etratioa, I Vate

IFT o lIre c11 or, i1lie
dolr. Flat Sletc.

DIKE, dark, hard

GRANITE, light, hard

690.9 '120 __ _________________________

bottom of Boring (i 119.6' Installed two I" pvc pezometer
pipes - perforated 36'-46' and

83'-93'.

_______________________ of-
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LOCATION PowedmLa INSPECTOR_ 7lu41 F,-1.,InDEPTH OF MOLE IId_ CONTRACTOR

OEPTH OF 0.g. M- -DATE STAITED Is Um-W 72
ROCK DRILLED 25.8 DATE COMPLETED 8 Discinbar 73
% CORE RECOVERED 98.5 SURFACE EL. 810.9

DIAM. MOLE 4" N 365,740 E 2.291.250

E UIPMENT -Sprsue & Henwood Diamond Drill 43.4

CORE DESCRIPTION OF MATERIALS REMARKS
OColt) 1  N ti, N ii of Olo a' Start

Soi io.fca o ofd atflto.el Le. at Start

& ad of b~hSitSS. tilo
O plasltic 1% Red Of B.C6 Sk601 & ITl 0,111is;

LO OodItl7W 'l . S218 & Trip oi Iii. Act$.@, ofBLOW1 cS
,.~.,. Drultlt. of at tOi. 5 Vter0 1 Color ?l."d Data. ott.

Sandy Gravel w/ occasional

GP blocks (24"), loose, gray (Fill

GP Z 72 Sandy Gravel w/ numerous
2s very dense, grayish-

20 T 92

Silty Sandy Gravel, very
I dense, gray

GM

I 89 8 Dec. 73

.SP- 1 38
SM Silty Sand, dense, grey

40

Sandy Gravel, very dense,
GP I gray

50

Sp Sand, dense, gray

islGravelly Sad don gra
Sandy Silt, dense, brownish-

60 1 113 arav

-- SP 80 Sand, very dense, gray

70 GP Sandy Grave), very denseI 1s2
Sand w/ some gravel and

SP occasional cobbles, very dense

gray

80

Sandy Grovel w / occasional
- GP cobbles (6"), dense, gray

722.4 go~ .. , -

DIKE, dark, hard NX CORE
Core lengths 0.1'-3.5'
Water return 50 to 100%
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PROJECT Qhm aah i. HOLE NO. --

LOCATION COE -fmmho. ______ SIL.2_. of 2...

co DESC.IPTION OF MATERIALS REMARKS

*j ~ 0 ;a,. l..t:. ca.- .,,o Jen. a, "t

Tim, Site 11 oy..f Pit A 't o

L.T 40""N"' .. e oo.fil.
COWfield Bate. 04c.

696.6 ___________ __________ __

Bottom of Barng 114.3' Installed two I" PVC p~ozoneter
pipes, perforated 41-51' and

120 82,-92,.

c-a



PROJECT Chief Joseph Donm HOLE No. 73-CD-358
LOCATION Powerhouse INSPECTOR Zirkle. Johnson
DEPTH OF HOLE 910 CONTRACTOR Fl.' W,11 rI
DEPTH OF O.0. Al n DATE STARTED 1 m,,q, 7

ROCK DRILLED 6.0 DATE COMPLETED 14 F- h,,,,,, 7A-
% CORE RECOVERED - SURFACE EL. 810.9
OIAM. HOLE 12" N 365,740- E 2.291.235
EQUIPMENT- Bucyrus Er;. Churn Drill 22 W

CORE DESCRIPTION OF MATERIALS REMARKS

10 (36"), loos to dense(,t gray[e k eI~rHl 6 ~r
Sandy GrGvel w/ 4cateroe
cobbles (12"), occasional

. boulders (15") and blocks
10_ GP (36"), loose to dense, gray

- to brown (Fill)

. Sandy Grovel w/ scattered

20 Gp cobbles (10"), loose to dense,
brown

30 WL. 29.7'
SM 1" Silty Sand, dense, brown 15 Feb. 74

WSiGr Sand, veF dense brown

SP £ Sand, medium dense to deme,
brown

- 1P Gravelly Sand, dense, brown

GP- r Silty Sandy Gravel, dense
GM brown

sM " Silty Sand, dense to very

Sandy Silt, dense to very

ML I dense, brown to gray Installed 10" steel well screen

75-85'. Unable to develop
I well due to infiltration of Fine

sand.~~Sandy G ravelz brownish (raY_ and

GP Sandy Grovel, grayish brown

r Sity Saondy OroveU, - -

GM dense, gray Installed 6" pvc slotted well
725.9 _ Gravel, vey de. . screen 25'-85', bockfilled w/

GRANITE concrete sand as 12" casing was
withdrawn.

719.9
Bottom Of Boring -91.0. Pumped + 21 GPPI for 8 hours.

Maximum drowdown in well +
50#.

C-57



PROJECT Chief Jos h Dan HOLE No. 73 RD-359
LOCAT ION Powerhgm INSPECTOR Zirkle
DEPTH OF HOLE 125-2 CONTRACTOR -Gawamww
DEPTH OF O.B. 95-0 DATE STARTED I M -1 7
ROCK DRILLED 30.2 DATE COMPLETED 21 Novpmyrbr 73
$ CORE RECOVERED ioo SURFACE EL. 810.3
DIAN. HOLE 4" N 365,740 E 2,291.175
EqUIPMEIT Sprague & Henwood D.iamond Drift 43.4

CORE I DESCRIPTION OF MATERIALS REMARKS
0- s .. . ss.l f~h.c DeS,,. ....

BLOWS I... T....T .

WOf E1  , 0 |,:Ix.ti, ''"'' ' e i(ln'R'. * 'tlSblp

j FT Ntlr le or iltlt.. Vl.r c lor. Wallhl I

Sandy Gravel w/ numerous
GP cobbles (8") and occasional

10 boulders & blocks, loose,
gray (Fill)

Sandy Gravel w/ numerous
GP cobbles (8"), dense b very

20 dense, gray

t Sand, very dense, brownish

30 SP gray

• 21 Nov. 73

GP Sandy Gravd , dense b very
40 GP dense, gray to grayish brown

z

-r
50

SW

r Gravelly Sand, very dense
60 gray

£

SM ~ Silty Sand, very dense, grayisl

brown

8o

Gravelly Sand, very dense,
. SP grayish brown

" z Sandy Gravel, very dons*,

GRANITE, light; w;ih DIKES, NX CORE
ds and light; all hard Core pieces 0.1' to 2'

Water rern 100%

C-s6



PROJECT Chief Jogeh Domn HOLE NO. 7-D-359
LOCATION -*gsw -'' 2 -go___________ 1 -2___________

CORE OESCIIPTION OF MATERIALSREAN
So~ .. ., .,

T H BLOWS r'@do

Rock as above

120 
18 og

685.1 - _______ __

Bottom of Boring 125.21 Installed I" PVC peszometer pipe,
130 perforated 77'-97

JSN of
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MA0JCY Chie.f jamsp Q1 NO4E NO. - -

LOCITIOWS ._ pomaaai -INSPECTOR Zrk ,
PEPTN OF NOLlI a3 CONTRACTOR r.i,.

OEPTI OF 0.6. fln ). DATE STARTED Id Itmo- 7A

ROCK DRILLED 26.4 DATE COfLETED 22 Janu 74
t Coi RECOvERED - 100 SURFACE EL. 810.2
0iaw. wOi 4" n 30.,70. E 2,291m
EQIPNT L jew Oamond Drill Tnck Mounted

CORE DECITON OF MATERIALS REMARKS
D ) 0~ l lsltclo Ca.s|| 0.-. 0.-rb of Mole a, Sltrs

0 So r Cirtmtlcterot 1..., Stir,

9 - th t, ,'o , ln *ll $ta e of ~ri. Vat ,II at
L fled If Voer . rr Se lf & r, r.r lht r

S Gravel w/ n f

m cobbles vat., loose brow

i0 GP (Fil)

- 1

Sandy Gravel w/ occasional
- cobbles (8"), dense to very

0 dense, gray to brown

24 Jan. 74

I

Silty Gravelly Sand, very
-P ] dense, gray

50

SP- Silty Gravelly Sand, very

Sm dense, brown

60 ---- _

f Sandy Gravel, very dense,

-GVa

" j ] Gravelly Sond, dense to very
dense, gray

ML" Sandy Silt, very dense, brown

SM and Silty Sand

Sandy Gravel, very dense,
GP gray

I • .. .. I I I I



LOCATION fowerhouse __SH_--_ofI-

CORO E DESCRIPTION OF MATERIALS REMARKS
05g soils Ci~a~lfC.1toa CeesilDeltl . Itb of Role at Start

T NH Pows Cobdit tte Tim. Sise A, Tic 7flt rt.o
6o Las o Nowea.lae Color. Drijf.8Color ?iaid Data. airt _i.

Sarib~ av w -numerous

gray
SP

700.2 ,0Sand w/ gravel, dense, gray

GRANITE, light, hard w/ NX CORE
DIKES, dark, hard Core length$ 0.05'-L8S'

Water return 100%

0.4' failt broccia

A7111

Bottomn of Boring 136.4' Installed two I" pvc piezometer
pipes, perforated 4&-50' and
95' -1051.

c-e



PROJECT 'Chid VOL[o. 0. -
LOCATIO i01Pw lop"[ TON ZtAIl

DEPTN OF HOLE 11 COUTRACTORGRU
DEPTH Of 0.e. W-9 DATE STARTED I ,.b,,,,

ROCK DRILLED 25.2 -ATE COMPLETE I F8lba 74
S CORE RECOVERED 96.S SI0FACE EL. 00.3
DIAM. HO.E 4" 365 0 2.290.990
EQuIlEiT - , npe & 0 D r i ll 43.4

CORE 063CRIPTION OF MATERIALS REMARKS

E ~soils clasl cools b. aitit. 00116 . Palo of start
-- lIaet l I *i el IbllS ter Level at StartriseS Sd it :1e 1illie15 Oeilte Tim. Silo 5 @1 olit. fitli.aat

Trill, Ile @1 satratlre. I Voter
81. 0 ~e OTL e la.ler, Wler Colo. Drlltse

L 810. Color rli Data. etc.

Sandy Gravel w/ cobbles (12"]
GP and occasional blocks (36"),101 G loose, gray (Fill)

Sandy Gravel w/ scattered
GP I cobbles, dense to very dense,

-G gray

WL_ 21
Sand Gravel, very dense, 8 Feb. 7,

GP brown

SP Sand w/ gravel, very dense,
4 0 ._ _ _ _-.. .

I Sandy Gravel, very dense,

50 grayGP

: 1

160

Gravelly Sand, very dense,

:P gray

70

r Sandy Grovel, very dense,
grayGP

90

717.4
- GRANITE, light, hard NX CORE

with mine DikOe dark, hard Cc lengths 0.05'-2.0'

I10" Water return 100%

C-O2



PROJECT Chief Jamgh Dm OE1. 4R-6
LOCAT ION Powewimmue o

\ S A Call KSCRIP7101 OF MATERIALS REMARKS

I S6 * LO S Ceile .. lw 10,U"

Bottoom of Borng 118.1 Installed two I' pvc piezometer
pipes, perforated 45* -55' and

SN.... of -

C-e3



IP

PROJECT Cief Jomil D= - HOLE O. -

LOCATION Powerhouse INSPECTORt Zilo
DEPTN OF NOLE I-u_2 CONTRACTOR t",,,.

DEPTN OF 0.1. MA A DATE STARTED 71 lm,,c 7A
ROCK DRILLED 29.8 SATE COMPLETED 30 January 74
S CORE RECOVERED too SURFACE EL. 809.9
DIAN. MOLE 4" 365.60
litUI IT Srge & Henwood Diend Drill .9

CORE DESCRIPTION OF MATERIALS REMAINS

o i. Clo,,c. 0. b . &I, I..
Pol f .1 "t

P] 0 Ploolti~iip i P.4 ,,t Pick hilli S ha,. ll~l

I N I LOWS Ci . Si l ' ',t iODilll, Il* nt *s@llrl,',. 5 file~r

N IFT *1.t. t or , 5.0., ^,T *"tilliSi

0 Color F~lid...i. *i.

S I
Sandy Gravel w/ numerous

GP cobbs (8"), loose to dense

II gray
20

WL. 24.8'

31 Jan. 74

30

GP Sandy Gravel, dense, gray
T

I

sn Sp.P _UGrave fy 5amd, deose br5wK
GP ' Sandy) Gravel, very, dense, g

£

P- Silty Gravelly Sand, very
SM dense, brown to gray

I

70

GP Sandy Gravel, dense to very
80 dense, gray to brown

90

1001

C-04



PROJECT Chi#f JosepoDarn MOLE No. 74-RD-362
LOCATION Powedluse s_ ItIL. of

CORE ESCRIPTION OF MATERIALS REMARKS
0JE s o il@ C1.401f~ctlIOplO oei t

?luica p II I" O t ier
. L* ,o loc Stft & I.. DrIiIa.,ILOdS toUeo Tim. SI.. * Tp ot i|, ia..O .1

Drill. let. of ogorailoc. I .itr
co T No D.,,,. I ier Co1o. Oril'is

i9 I IT Color P1.14 Oil. tc.

GRANITE, light, hard NX CORE
10 w/ DIKE, dark, hard Core lengths 0.1'-3.0'

Water return 100%

673.7 "_

Bottom of Boring Q 136.2' Installed two I" pvc piezometer
pipes perforated 35'-40' and
70'-90'.

c"eo

C-6



PROJECT Chief L.e~ DwN OLE no. 73-RD-36

LOCATION Powerhouse INSPECTOR Vi46e e
DEPTHI OF NOLE 1409 CONTRACTOR Goveornmen
DEPTH OF 0.B. 112-0 DATE STARTED 24 It~hvrhr
ROCK DRILLED 28.9 DATE COMIPLETED 1126 1117
ICORE RECOVERED 100 SURFACE EL. -_*0.D

DIAN. HOLE _______ .______ H 365 6D6 E 2,29,940
Equip PIT - aaj &HnodDinn 4N*4

CORE DESCRIPTION OF MATERIALS REMARKS

Colori ,1.r L......t

G P Sandy Gravel w/ occasional

10 cobbles (4"), and numerous
blocks (12"), loose, gray to
brown (Fill)

Sad Crovei wisf SI d aCCe-
GP- sial cobbles (6" ) and blocks
GM (16"), very dense, brownish

Gravelly Sand w/ silt, medito 12 Dec. 74

Sm x 16 dense to very dense, grayish

155

S Sandy Gravel w/ numerous
cobbles (6"), dors to very

Gp densej grayish bfown

1G 4 Sandy Grovel d/cbens o ned
GP 1 .1bdes, g ry dem,ga

0.3

90.

90 155 Silty Sandy Gravel, dme,
GM brownish gray

SP_ Sand w/ silt, medium dene
100 SMbrwihga

__________66______



PROJCT hi osp Own__POLE____0._73-__D-363K

COE KCIIONO ATRAS EAK

soT

Noa : wa4 teou to I a22 Starte

attlf bottom o wn . Vlrese

colorwtlr et.rnc

wotho ofKE dorkg har Core Itllengh 0.1vc ip peforte

1300



PR J0C I - chif 13 Dan HOLE 00.
o VAT 10; Powerhuse INSPECTOR Zirkle. Johnson. Eckerlin
DiFT" of P 0 - -XO112.0 CONTRACTOR Flovd'% W.11 Drill;n_
DfPT" OF 0.B. fin A DATE STARTED 19 F,.-4,.,. 7A
ROCK PRILLO 2.0 DATE COMPLETED 23 Mmnch 74
, CORl RWECVEAED - SURFACE EL. 810.Q

DiAM. HOLf 12" _ 365,619 E 2.290.945
EQUIPMENT Bucyns Erie Churn Drill 22 W

I CORE DESCRIPTION OF MATERIALS REMARKS

ID S o4 P .1, . ".0} UEl [C ' '.r.ate r li. Si 'iJit

tA I. T .',' ' '' .4

'a B t LOWS '.

11il0 io, I. 
I, 

I 
*FT

GM Silty Sandy Grovel w/ numer.
ous boulders and blocks (48"),
jose, gray (Fill)

Silty Sandy Gravel w/ rumer-
ous colbles (10"), mediurn

dense, brown

_ Cravelly Sand, dense, brown-
7 S I ish gray

QP Sand Gravel, dense ra

GC Clayey Sandy Gravel, very WL. 31.0'dens, ggav- 23 Mor. 74

z Sandy Gravel w / scattered

coa,'bles, dense to very dense,

gray

SM r SiltX Gravelly Sand. dense,
gray

sp Gravelly Sand, dense, gray

, GT' Silty Sandy Gravel wl occa-
G y sional colbles 6"), dense,

gray

I 5Silty Gravelly Sand, loose,
I'---- Sk.i r gray to brown

Silty Sand w/ gravel, very
SM J dense, brownish gray

70 Sady Gravel, very dense,
Gi r *-brgw

Silty Sandy Grovel, very
M ' [ dense, brownish gray

S;'_Z , [ Sand, dense, brownish gray

I

Sandy Gravel, dense, brown-
is), gray to brown

t

"tV) GP Sandy Gravel, very dense, "

C .brown_



PROJECT Chief Joicah Dom MOLE NO. 7-CD-A
LOCATION Powerhouse S H LZ of 2

CORE DESCRIPTION OF MATERIALS REMARKS

N1SO S oi C100"10 TI.ao. D. o to of Ma* At ,.,t
C' pl s I l V% 0. 1.. V..#1 1 .1 1 sa

700. Silt Sandy Grvel bowern~

698.0 ___ GRNI TE 90- fsoea1'D pvBottom of Boring . IsoTd~Dapcwi
Screens (0.1' slots) 45'-55' and
75-85. Pumped 1350 GPM for
9 hours. Maximum well draw-
down 16 feet.

SH of



PROJECT Chief Jqseols NwOLE Ho. 7-RD-36
LOCATION Poweros INSPECTO...........24 R
DEPTH OF HOLE 102.1 CONTRACTOR Crn-.nt

DEPTH OF 0.3. 75-11 DATE STARTED-2 71
ROCK DRILLED 27.1 DATE COMPLETED 19 Januarv 74
% CORE RECOVERED 99.3 SURFACE EL. 89.0

DIAN.______________ HOEu 365,58 E 2.290.942
EQUIPMENT Sor*& t.nwaod Diamond Drill 43.4

COR DESCRIPTION OF MATERIALS REMARKS

S-0SariC..,,f,-.9~g~~: ::
SNSLOWS Tad,,, ,-. Sri. T : ,t . A- fl

0 fl. 'r Var1s. ell..,"a.Tr

Silty Sandy Gravel w/ numer-

GM ou~s cobbles (12") and boulders
loose, brownish gray (Fill)

Sandy Grovel w/ scattered
4 1G P cobbles (8"), medium dense,

grayish brown

IM Silty Sand, dense, brownish

19 Jan. 74

30 7 GP Sondy Grovel w/ numerous
cofbles (12") and boulders,
very dense to loce, gray

1I4 sP Sand, dense, gray

I Sandy Gravel, dense to very

60 CP dense, brown to gray

GRANITE, light, hard NX CORE

Water return

90 Installed two I" pvc pieZOmneter
pipes Perforated 30-40' and 47'-
67'

707. 1101 _jBottom of Boring 102.1V

C-70



PROJECT Chief Joseph Dam, HOLE No. 74-RD-366

LOCAT 10i Paov..rhause INSPECTOR ZA~Ie
DEPTH OF HOLE 113-6 CONTRACTOR ierat
DEPTH Of 0.8. a5_2 -DATE STARTED 12 F.6rugn~c 74
ROCK DRILLED 28.4 -DATE COMPLETED 21 February 74
% CORE RECOVERED 87.3 SURFACE EL. 817.2.
DIAN. HOLE 4" 0 365,465 E 2,29 881

EQUIPMENT- Dr .

CORE DESCRIPTION OF MATERIALS REMARKS

set& pttf "f 0., 6 Vet .r , k..

fP 1,, t,.,,.rt, .. 1,T5 J I- ,,

Sandy Gravel w -itw merous
Gp cobl-es and blocks 1',

loose, gray (Fill)

20 Orovell Sand, loose, gray
to I,rown

-SP

it.)WIL. 31.2'
21 Feb. 74

Sandy Gravel, very dense,
Af P G gray

5')

Sandy Gravel w' cobbles,
very dense, grayishi black

SPSand, dense, grayish Itlacl

7() 7Sandy Grovel, very dense,
royisl, lack

8o lp z Sand, dense, brownmi gray-
Sandy Gravel, very dense,

CP brown
732.2

rl/7/

GRANITt, light, hard NX CORE below
90 Core length% 0.2'-0.4'

- W/ gauJge
Core fenqtits I1'8"-0.2'

10 cove,..water return

[ C-7 1



PROJEC T Chief Joseph Dar OL o.7-P-6
LOCATION ___ ___- PawrhwseOf--

CORE DESCIIPTIOU OF MATERIALS REMARKS

I $LOWS

GRANITE, light, 4wod Care Ieng!ns 0.--.8,

703.6')IKE, dark, Itard, 12"

703.6GRANITE, light, liard

1o1tons or Boring 113." installed two "pvc oiezarnere,

pipes, perforated at 65-75' and

120 45-55'.

t

C-71



PROJECT CI.i0.f ',)seoph 'an HOLE NO. 74-RD-367
LOCATION Powethouse INSPECTOR Zrkle
DEPTH OF HOLE Y4.2 ,CONTRACTOR coverrMent

DEPTH OF 0.8. 67-2 DATE STARTEO 22 Fbhnr, ri 74
ROCK DRILLED 27.') DATE COMPLETED 27 February 74
% CORE RECOVERED 95.2 SURFACE EL. 822.8
DIAM. HOLE 4" N 365,390 E 2,290,935
EQUIPMENT Sprague & Henwood lioamond Drill 43.4

CORE DESCR1PTION OF MATERIALS REMARKS

T HO LOWS . . . .. .. A;:, f ... .tf~ll, k,*. f... r. i+,r

822A 0 Ill T ,.,:.... ... ,..,,,.,i,+

GM .ilty 'ondv lravel w 'irner us
cobbles (12"), loose, Lrownih gra

GP

Sandy Gravel, loose, gray

r F Sand Oravel w' cobbles,
loose, gray

20 1

SP Gravelly Sand, medium dense
to dense, gray

V& ,35.1
Gravelly Sand w

/ sca'tered 28 Feb. 74
cobbles and blocks, dense,
gray

SP

50

60 Sandy Gravel, dense to very
GP dense, gray

755.6

70 GRANITE, light, hard NX CORE
Go.ge 0.2' Core lengths 1/10"-1.3'

Water return 100%
Gouge 0.1'

8')

9q

Bottom of Boring 94.2' Installed 2-1" pvc piezometer
(_ perforated at 55'- a

C-73



PROJECT Chief Joseph Dom HOLE No. 74-RD-368
LOCATION Pawprhouan INSPECTOR 7;,lcl
DEPTH 0f HOLE 12 7 CONTRACTOR nzf
DEPTH OF 0.B. 97-0 DATE STARTED 25 Inarp 74
ROCK DRILLED 25.7 DATE COMPLETED 6 February 74
% CORE RECOVERED 100 SURFACE EL. 410.2
DIAN. HOLE 4' H 365,600 E 2,291,060
EQUIPMENT-___ Longyeor Diamond Drill Truck Mounted

CORE DESCRIPTION OF MATERIALS REMARKS

SO LOWS 7. i. r .... . .r

jjG~ H 0 JFT i...... ,5 ..

Sandy Gravel w/ scattered

GP cobbles 18') and blocks, loot4

10 gray

2o0 Gp Sandy Gravel, medium dense

S to very dense, gray

30 _________ _WL 304'

SP- Silty Sand, very dense, 6or7 Feb. 74
Sm to gray

Sandy Gravel, very dense,
An Gv- brown

SMSilty Sand, very dense, browr
A. _____________________

r

GP Sandy Gravel, very dens.,

gray

SpGravelly Sand, very dense

so gray

Silty Gravelly Sand, very
Sp- dense, brown
Sw

90

GP Sandy Gravel, very dense,

L 
grayish brown

100GRANITE, lighst, hard NX CORE
Corel -15

C-74



PROJECT Chief Joseoh Darn NOLE NO. 74-P.D-368
LOCAT ION Powerhouse SH 22. of

3 CORE DESCRIPTION Of MATERIALS REMARKS

6&~. #'~ A, 'hiP Alr A,.v. r.'il.tl
'10 N BLOWS T,,, . . A P , .e A, . PAprill. kA.,. , pttL . S .. l f

It"id Pil. *1,

GRANITE as above

A
l'  

-DIKE, dark, hard

GRANITE, I;ght, hard

120
687.5 -____________________________

67. ttom of Boring @ 122.7' Installed two pvc piezometer

pipes perforated at 90-97' and
60'-70'.

SN - of
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PENT C I Cief Ioiseslr Dom H O 4R-7
LOCATION PowelhojieINPCO
DEPTH OF HO-LE A7 A CONTRACTOR

DEPTH OF 0.B. 42.5 DATE STARTED- 8 Februoiry 74

ROCK DRILLED 75.3 DATE COMPLETED 12 February 74

S CORE RECOVERED 10SRFC0[.79.

DIAM. HOLE 4" 11 365,685 f 2.291.400
EQUIPMENT _ L 2ogqyer rDimond DiII Truckr Mounted______________

COE DESCRIPTION Of MATERIALS REMARKS

to H BLOWS :7Ii .. . 1, *.I ,

Sandy C. asrel w' scattered

rpcobbles 18" and blocks, loose,
irl 7brown

SP Go~elI, Sand, loose, gray 13 Eel.. 741

t.L L So. S~It. dense, brown

ML ',;t, %oft, tan

So M S., Sand, dense, gray

GPSandy Crasrel wlor.,lders and
Gblocks, vey dense, gray

40

753.7

CGRArjl1E, Irgi.t, hard NX CORE
Care lengths 0110
Water return l(00r

Gouge 1 '16", d p 85 degrees

carfe lengths 0.1'-2.0'

728.4

70 Battom. of Bar irq 6'.8'

C-76



PROJECT Tendon Hole Chief Joseph Damn HOLE No. 75-80-2

LOCATION STA 20+00 Monolith 8 Spillway I INSPECTOR 7.t-i
DEPTH OF HOLE 330.4 CONTRACTOR over-e-o
DEPTH OF CONCRETE 211.8 DATE STARTED 6 M1- 75
ROCK DRILLED 118.6 DATE COMPLETED 24 jt.:n 75
% CORE RECOVERED 75.8 SURFACE EL. 960.0

DIAM. HOLE 10. 132 inches ________E

EQUIPMENT Failing Hoternaster truck munot _____________

CORE DESCRIPTION OF MATERIALSREAK

E 
ot

L~\~~ o otlsClasefsc~tI ad~ St at., L.. Ia at Sitr

T 0 H BLOWS Cotd'tt ',,It Stat Sof t!. I bt of

A F ot tre la r best.,hae Cot", r.1rihim

16 , C ~~Color .dDtoc

959. - -0.6 ft. concrere w/rebai 1h-1/8 in. cavlx w/shot

10

20
12 in. 1.0. casing to
60 ft. grotel w/s..tl

Air between 1.5 fL. into' cocreto
bottom of roadvav bridge at top of ogee - seal brok-
deck and ogee of spillway. loose and leaked throughout

30 drilling.

40

At 60.0 ft. begin drilling
-,;10.132 in. Single tube

50 core barrel -.;o core spring,
fabrication by Corps of
Engineers. w;a-e crculaticn.

01.5 Top of ogee 58.5 ______________

900.0 60 1 in1aig o6 43/8 in. caly-- /s-nct

3-inch aggregate. -.!.L. 12 Ma-. 0.0

70.0 lift joint tmbonded

028.0 C23.3 L4.7 093.7

.L. 18 Ma.. 64. 2

2May Water level drop

3 min W.L. 24.7

865.0 H 95.0 rebar and lift
joint umbondedL.2Ma 00

100. lfjon unbonded W.L. 26 May 59.5

C-77



PROJECT Tendon Hole Chief Jo--3h Dam HOLE NO. 75-RD-1

LOCATION 4.67'D/S Axis STA 20+00 Mono 8 Spillway 3 SH 2 of L.
CORE DESCRIPTION OF MATERIALS REMARKS

a % Soils CIasIoleatioe Castie Partk 110Of let@ at Start
E0 "' F148 tiesitYI

-- a | ORbh Silt~ 1*8571e, D &rt~la

x F~LOWS Coodittom Tire, se & Tyle Of Bt oinG -/FT Mister. Drillo lite of ratr le S water
~L a Cediar Is. m labintr olr Dillig

C Color .Pilt d Data. etc.

R-n 1. J
D20.3 C6.8 L13.5 D119.0

I Concrete 112.2 Gravity grouted 35
53Z Is-- _2i.L 29 May 0.0

850.0 110, 110.0 lift joint unbonded 4.L. 30 Hay 58.0

leaking

Triconed with 9-7/8 in. bit
.1--118.95 - 119.30

149.25 - 149.60

120 Hole triconed ahead La Ru.s K, L
black D19.3 C19.3 LO.0 D138.6

Water level drop 59.0 -
100.4 approx 1 ft/mtn

K 138.6 gravity grouted
12 sacks sea led leak

832.0 130.0 lift joint upper gallery
830.C unbonded '4gravel

pocket - leaking
L in galle- elev 832.0

-1.L. 1Jun 65.5
40 W.L. 2 Jun 69.3

m RunN
Hole tri':ned ahead in D10.7 CO.O LIO.7 D149.3
black

8. . 2 Jun 65.5
810.0 150 150.0 1 jf: joint unbonded =.L. 3 Jun 69.3

W.Z. 3 Jun 14.0
7j.1. 4 Jun 64.0

Ru.s N, 0
00.0 160 0 D1I.7 C3.5 L8.Z D161.3

- 160.0 lift joint unbonded
p Runs P, S

010.6 C10.6 LO.0 0172.0
-

7 R
790.0 7 S 170.0 jf: joint, tmbonded

T785.0 - --- V 175.0 lift joint tmbonded 174.6 gravity grouted
10 sacks

780.0 180 180.0 lift joint unbonded Runs T, W
D25.8 C22.3 L3.5 D197.7

14.L. 7 Jun 0.0
V W.L. 8 Jun Dry

770.0 190.0 lift joint unbonded 188.5 gravity grouted
12 sacks sealed leak
in lower galery

1; Leaking in gallery

763.0 elev 763.1 at 3.6 gpn

200 X

SH-__ of 4

-C --1 ---4M ~ i llll III l



PROJECT Tendon Hole Chief Joseph Dam HOLE NO. 75-Rd-2

LOCATION 4.67'D/S Axis STA 20+00 Mono 8 Soill,'aty I S._3. of_4

CORE DESCRIPTION OF MATERIALS REMARKS

Soal CIalalt icthos Calulse 0latg .001: of lots t Start
a& Bid Of bat S t er O .. 1 , 1t re o, d of ,.&b suit a me$, D I.,BLWlCoaditto. Tim, . &* Ty;: of lit, Acttos of

Nr -tBLOWS IlateCof tito, I water20 6 /FT In.1.1r ;l Rohtor@, witer Color, Drillit
, . .... C lor • Fluid Data. etc.

Runs X-AG

X D53.0 C47.7 L5.3 D250.6

Y Top of bedrock 211.8

Y Closely jointed zone 216.8 gravity grouted with
6 sacks

220 AB

AC W.L. 12 Jun 59.3
Al "-'.,. 13 Jun 81.1.

230 Triconed vith 9-7/8 in. hit
AE 256.7 - 257.0

- 260.0 - 262,4

271.9 - 272,5
AF 281.5 - 282.1

290.3 - 292.3

"15... 13 Jun 0.0
W.L. 14 Jun 67.5

AG Run AH
-n Db.l C3.3 L2.6 D256.7

- un AlD3.1 CO.4 L2.7 D260.0AI Hole triconed ahead in W.L. 14 Jim 0.0

black .
4.L. 15 Jun 84.6A_ W.L. 15 Jun 0.0
W.L. 16 Jun 86.3

262.4 to 303.2
97.6 6X7

3
/4" double tuba Run AJ

AJ standard core barrel 09.5. C9.5 LO.0 D271.9
w/cire spring, reamed

270 
=  

w/9' :8 in tricone bit and
rea:-ed again w/10.132 in.
core barrel Run AK

D9.0 C9.0 LO.0 D281.5

281.5 gravity grouted
80 AK 5 sacks

Run AL
AL D8.2 C6.6 L.6 D290.3

AM Run AM
D9.5 C9.5 LO.0 D301.7

(
Cs _ L o f. .
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PROJECT Tendon Hole Chief Joseph Dam OEN. 5Rn
LOCATION 4.67fl j W s 'Oxoo ST +0 M, R ut.i ,..0. t _______ of_ 4

CORE DESCRIPTION OF MATERIALS REMARKS
0 % ~~~~~soils ctlataties oilDr f es. tr

E Plasticty le OfM ,iko Lvla tr

TF "' BLW Cos Loves Roos Voter Col.. Drillist

_____Color FISH_____Data. ______etc.__

656.8

10.122 in. canwercial t.L. 20 Jun 81.2
AN. single tube barrel v/core Runs AN, AO

spring, bit cracked at D6.5 C5.8 LO.7 D309.7

i3O.3 -309.7

6X7
3
14" double tube Runs AP, AQ

A? standard core barrel D16.1 C13.1 1.1.0 D330.2
Z' w/cqre spring, reamied

lai. Lriccu .,
rea med again w/10.132 in.cor

AQ barrel

,29,6 _L v.L. 32 Jun 0.0
517. 3 --. -f-- 327 W.L. 24 Jun 82.4

Triconed cor; included in
core loss

NOTE:
1. Black zones in graphic

log indicate triconed
areas.

_______________________SH 4 of 4
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PROJECT Tendon Hole Chief Joseph Dam HOLE NO.

LOCATION Monolith 11 Intako INSPECTOR Zirkle
DEPTH OF HOLE 201.5 CONTRACTOR ........ _ _

DEPTH OF Concrete 119.1 DATE STARTED 23 Jim 75

ROCK DRILLED 82.4 DATE COMPLETE Jul 75
% CORE RECOVERED -- SURFACE EL. 9r0.8

DIAM. HOLE 11.875 inch N E
EQUIPMENT Faling 1500: Drilline w/hielson Serte- 100--0 Ha;..erdrill

CORE DESCRIPTION OF MATERIALS REMARKS
,L% H~~c o A,,a , tf,'.. ee.,..

D q, So: , C1~slifi:.tto: .sil p~t. @pkf No t 5 srt

Lro rP.:' 7t: C. o &t R , I fI T G Brl ~~e'" 2t to. LOWS coT:t :, , Sit.+ & 7T. of Sit, t-.... of
Q T % f~ LOS rill, Pate ce..elcrat to., $ I e

N 0 H jFT Lee, or 5ot,. .t tor . :r:t1.u
Cot, RO,'WAY F1.- Data, etc.

960.0 Concrete 13 Inch diazond bit

956.01 - Top of gallery
23 Ju 75

948.0 - Floor of gallery

Concrete 13 inch dia=ond bit
-- W.L. Dry

W.L. Dry 24 Jun 75

Penetration rate in 12 inch I.D. casing grouted
concrete from 15.0 ft to 3 ft. into concrete.
55.0 ft. ranged from about Bottom of casing at elev.
2 min. to 6 min. per foot. 945.0

12.0 ft - 128.4 ft Hole was first cored
hammer drillirg at w-th a 23/7X37/8 inch
16 RPM, 110 pounds air diamond bit to 251.4 ft.
pressure at 60 strokes per Hole was then grouted to
minute, foam adde!. elevation 98.0 ft and

re-rilled wi:h a down ce
40 Powered by two 9CC C.F.M. hammer with 11.875 inch

compresscrs. 8 inch drill button bit to depth 201.5 ft
pipe. Cored hole -as not used as

pilot for dowrihole ha.er.

50

05.0 W.L. Dry
W.L. Dry 25 J,- 75-4

60 -4 Penetration rate in
concrete from 55.0 ft. to
119.1 ft. averaged about
6 min. per foot

70 4 Significant deviations from
- 5 this average rate are shown

in minutes per foot of
- 7 penetration beside a tick
- mark a: the proper depth.

These rates are for the

80 5 foot of boring i-ediately
above the tick mark

7

9

860.0 1007 " _

c-in



PROJECT Tendon Hole Chtef Jo-eph Dam NOLE NO. 75-DHH-3
LOCATION Monolith 11 Intake SH-.L of ...-L\ CORE DESCRIPTION OF MATERIALS REMARKS

, ,"Lls Classitcatos c.al Depth. Doet of Rle at Start
E osttcity t f shift Water 14.0 at Start
P : I. of Bot haSift A Rev. britlliv

I N BLOWS Coaditios Tim, Ulse & Type of Bit, ktios of
Drill. Rate ot motratle.. I Water

OFT oe or Rletors, Bater Colo. Drlitg
Color aluid Data. etc.

8

W.L. O.C (Pumped in)
i:0 W.L. 6.2 26 Jun 75

_5 ToL of bedrock 119.1

119.0 ft - 129.0 ft

Penetration rate 16 min/ft
128.4 ft - 201.5 ft
hammer drilling at 36 RPM, W.L. 0.0 (Pumped in)

115 pounds air pressure W.L. 4.u Z/ jul ,3

using air, water and foam.

129.0 ft - 138.0 ft
Penetration rate 6 mn/ft

139.0 ft - 154 ft
iA'] Penetration rate 12 min/ft

150

W.L. 0.0 (Pumped in)

160 W.L. 37.6 28 Jur. 75

155.3 ft - 174.0 ft
Penetration ra:e 20 min/ft

175.0 ft - 185.0 ft
17) Penetration raze 12 min/ft

186.0 ft - 187.0 ft
Penetration rate 17 mmn/ft

187.0 ft - 201.5 ft
180 Penetration rate 30 mir/ft

At 201.5 gage on bit
shows wear

29 Jun through 2 Jul tested

hole for alinement and
190" leakage - hole off
1 alinement - stopped

drilling at 201.5 ft. W.L. 0.0 (P'=.ed in)

W.L. 33.3 29 Jun 75

200
58.5 201. Bottom of hole 201.5 W.L. 195.3

3 Jul 75

Filled hole to 12.0 ft with
5 yards 6 sacks ready mix
concrete.

N s.L._ of .___

! c-SE



PROJECT Chief Joseph Dam HOLE NO. 7 -DH-4

LOCATION Closure Monolith C-2 Tendon Hole INSPECTOR Zirkle

DEPTH OF HOLE 16 S.1 CONTRACTOR Govern .ent

DEPTH OF CONCRETE 1ATE STARTED 22 July 1975g~. 27___ _ July _19_

ROCK DRILLED 67.1 DATE COMPLETED 6 August 1975

CORE RECOVERED Not cored SURFACE EL. 960.0' ,a roadway deck

DIAM. HOLE 11.875" N . E

EQUIPMENT FATLTNG 2000 DRILL. MISSION AIO0-10 HAMMERDRTL

CORE DESCRIPTION OF MATERIALS REMARKS

E 0 Soils Clasatftc.lto (:&$leg 0S.t, 0.ts of Hole at Start
401at t & kld of Sbirt. Pater Le-el at StartP0 Plasti~ity 5 ?.od of 9a.0 sbl[ & 1.6, Drillieg

H BLOWS Coditiae Ti,. Size 6 of 3it. A tioa of
G I JFT Hoistr Draor aevl se oeDtl:

96n% 0 Co:o ROADAY fildt Data. etc.

956.0 - Concrete w/rebar
Top of gallery Drilled to 14.1 feet w/16

i h calyx bit. Drilled a
2 inch hole for pulling
core.

948.0 " Bottom of gallery I

3 inch aggregate concrete W.L. 24 Jul Dry
14 to 101 ft

Z Penetration rate in all 12 inch casing to 14.1 ft.
20 concrete averaged about 14.1 - 85.5 ft

7 9 min/fr. Drilling w/11-7/8 in. button
bit on downhole hatmer

Average penetration rates drill, using 120 pounds air

in concrete pressure, 21 RPM, at 60
14.0 ft-32.0 ft 9.0 min/it strokes per min., using air,

30 32.0 ft-46.0 ft 7.0 zin/ft water and foam to clean

47.0 ft-57.0 ft 9.5 min/ft hole.
3 57.0 ft-61.0 ft 19.5 min/ft 2 compressors, 900 C.F.M.
14 61.0 ft-l00.0 ft 9.0 min/ft each. Drill pipe 8 inch.

40 W.L. 24 Jul 0.0 (Pumped in)

5 W.L. 25 Jul 3.4

Hole to 40.0 ft. At 29.1 ft
water running in.

23 Gravity grouted to 23.0 ft
Significant deviations from w/9 sacks cement and I sack

50 the average rates are Fondu.

shown in minutes per foot
ok penetration beside a
tick mark at the proper 57.0 to 61.0 feet operating

13 depth. These rates are on 1 ccmpressor.

- 17 for the foot immediatelv
above the tick mark.

70

94.0 - 95.0 drilled
w/16 inch calx bit for

6 12 inch casing seat at

bottom of gallery.80

873.0 13 .W.L. 26 Jul Dry
Rebar over gallery W.L. 27 Jul Dry
Top of gallery 12 inch casing grouted in

allerv ceillne and floor

8 0 - Bottom of gallerv(866.0 95.0 - 97.2 drilled W.. 27 Jul_H.L. 7 ulDry

w/2-3/4X3-7/8 diamond bit W.L. 25 Jul Dry

Rfn n 1 nn f- Ll for concrete density
analysis

C-83



PROJECT Chief Jos!p 4aw
LOCATION Tendon Hole Closure Monolith C-2 ________ of_ ____

RK
TOR DECRPTO OFW MATEIAL REARK

own ic mInue ot ai hilt 60 s trres tstr

16 Pc Iarakte p op r d p

he s tes efr. the fo ot 1120 tn wa t r o S r e r

8 Coledorant peaietrate.ote m /f

8 5 9 .0~1 
8 .

-\ o 
1 4 9 .0o c 1 1 -

oftar granite on Penetration ra te 25rutm/ft
28 152.0 - 168.
ratPneraio rat 57c frin/40ftsck

Signficat dviatons 103.0 - 154.0
fromthi aveagerateare Drilling with 120 pounds

Theserate are or te do t s2. n a te e o r irrtun

1 0 9 .0 -o 4. L 3 1 l

t112.. 12.0 - 312Jul
130' ~~~WL 95 1 Auge rntePntain ae5mnf

129.040 18. 128l.0 -149.

1480 5o3.0 - Aug.

161.0 5o WL u

163.0 NoW205 u

79.9 17 W.L. 12 6 Aug 7

DepthSN wae le:l an

daes-ibeow



PROJECT T le Chief Joseph Dam HOLE NO. 7--nY '-5

LOCATION Spillway Monolith 8 STA 19+87 INSPECTOR Moran

DEPTH OF HOLE 340.5 CONTRACTOR Governmont

DEPTH OF Concrete 210.0 DATE STARTED 9 Sep 1975

ROCK DRILLED 130.5 DATE COMPLETED 27 Sep 1975

% CORE RECOVERFD Not cored SURFACE EL. 960.0 ft.

DIAM. HOLE 11%/8" Button bit If E

EQUIPMENT Reich Drill, Mission Series AIO-10 Hamerdrill

SCORE DESCRIPTION OF MATERIALS REMARKS

E A Soils Cllaasitfca.io Casiag Depth. Depth of aole t Start

Pladtf Scit. aate, Ltaeel at Start
EPsi& IRd Ot 94c Shift & 2-a, Prilli-9

IT Coaditioit Size of Ii.. WatBLOWS gT.im I Ty o it Atoso
JFT NoWstr. Is. o 8-t., te .ooDilo

6nColor Flid Data. etc. rClr riii

0.0.6 ft., roadway, Failing 1500 drill, 16 inch

concrete w/rebar zalyx bit from 0.0-0.6 ft
and 58.5-61.2 ft.

10

12 inch I.D. casing to 61.9 ft.

Casing grouted in at bridge
deck and ogee

Air between bridge deck and

30 spillway ogee

Downhole ha-er with
11-7/8 in button bit.

40 3 inch drill pipe.

Two 900 C.F.M. 125 P.S.1.
compressors to 211.5 ft,
two 750 C.F.:'., 250 P.S.I.

compressors below.

50

Water and detergent added
to air.

901.5 Top of ogee 58.5 ft. 7-20 R.P.t.
60 Concrete, 6 inch aggre3ate

Drill rate, 38 min./ft.

Rebar 9-12-75 67.F'

70 9-15-75

18 mln./ft.

" [Rebar

Rebar 86.0'

9-16-75

90 'ar

Few soft zones 25 min./ft.

860 100

C-85



PROJECT-Tend,,n Hole Chief iosonh a-,. HOLE NO.75 H-

LOCATION Spillw~ay Monolith 8 PTA 19+37 ______ SN..L of j..

D CORE DESCRIPTION OF MATERIALS REMARKS

CD Soils Clasitacaslo. Can 1.1 Deft h. Dectk of IL at start
C - Plastic ity of Sa 1 &let ~ t Sitart

Is 1ua ahk~tPisa r"
I 8LO WS Coadit to. Tim. size & aT of it. Desks, of

Trill. Sal. at wtratios. I VoterG. IF woae.Ln .c, ater Color, Dcillia

Ik AColor Pla1.1sa. etc.

Changed bit, 4 buttons
missing
9-16-75 106.0

110"

1201 Sevop into
-upper gallery 16 min./ ft.

13o

140 Stuck on re ,ar @ 146 ft.

74Rbr9-18-75 146 ft

L9-19-75 five 
hcurs pulling130 drill pip2 inclzded in next

day's drill rate. 146 ft
9-20-75
60 min./ft.

160 156 ft

9-21-75
11 min./ft.

170

so0

190

0 _00

SN .2..of 4L...
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PROJECTTendon Hole Chief Josonh Dam HOLE No. 75-DHH-5
LOCATION SPilllwnv Monolith I STA 19+87l III____ 1H..a 0tJL.

SCORE DESCRIPTION OF MATERIALS REMARKS
D 0ais 010 lsifcto LOS t, Seith of Role atStr

3 Plasticity lt of seltiksti at S crt
& a a of Sab hft t' o 4 s.Dilliof

INBLOWS Condatio. Tim. Size & Tyeof sit, Atico ofIFT Notocor. In,!o loters V .Tr olor. Drilcogf
Colo ?laid Data, etc.

750 210 Base concrete 210 fl, New bit at 211.5
Top rock. 9-21-75 7,qF
Hard granite -22-75 to 9-25-75
twithsharl 'io drilling. Dril raze
dikes, jointed and and bit change times in
fauilted. -25-75 drill rate bele~-.

9/25-75 211.5 ft
ate 99 min.ft. with bit
hange. Rate for dirilling
nly 13 min./fft.

230

9-26-75 222.0

240 6 min./t.

25C

260

So4: zones

Foug,

280

60 300

C-ST



PROJECT Tendon Hole Chief Joseoh Daom HOLE NO.75 H-
LOCATION piav 4onoi1.b 8 STA I-O.5. ________of

CORE DESCRIPTION OF MATERIALSREAK

t g. 6F hitI n.pila
P ~~~~~coalooi ie&Tco iAtvX

311

9-26-75 316'
9-27-75

Rate 21 min./ft.

-Soft zone
33:;

Ei9.5 3:. 9-27-75 340.5 ft

Bottom 340.5

NOTES:
1. Drill rates include time required to add drill pipe,

change bits a-il clean ho o.

2. Drill rates ic not inclu e do6rn time for fabrication
of equipment, and digiti tsurveys and repairs.



PROJECT Chief joseoh Damn HOLE NO. 7RD-6
LOCATION spi lwy Sta 20+08 Mono 7 INSPECTOR Zirkie
DEPTH OF HOLE 341.2 CONTRACTOR Mobile C of E
DEPTH OF CONCiRE -71, A DATE STARTED- 5 SP2 75

ROCK DRILLED 127.6 DATE COMPLETED 10 Oct 75
% CORE RECOVERED 98% tJRFACE EL. 960.0 feet
DIAN. HOLE 3-25/32 inch HQ, Reamed to 11-7/8 Inch 11_____ E
EQUIPMENT Failig 150 for Mn iWireline. Failing 2000 for Reaniine

0 CORE DESCRIPTION OF MATERIALS REMAqRKS
Soul. CI.si,ctioe C.Stai Ntih. NO~i of Not. at start

A. E P lastic ity & t., o tS irt.q Sart

I S tu't.e..'M Site & Tyr of Bit, Acit of
10 T oH BLOWSI Ioio ri, %1 e of. T.iios. % water

0 0Color Bridce Deck Pl.,1 Data, st.
59.4 0.0 - 0.6 ft

concrete w/rebar 
Drilled with 16 inch caly

10

20 Drilled with 16 inch calyx
bit from 58.5 ft to 62.3 ft,

Air between Bridge Deck pulled core plug and set
and Spillway Ogee 12 inch casing to 62.3 ft.

Aligned casing, wedged and
grouted bottom.

30
4 inch casing installed
inside 12 inch casing
using disc spacers. 4 inch
casing to 62.4 ft

62.3-341.2 ft
Hole drilled with Failing
1500 drill using wireline

50 with HQ diamond bit,
3-25/32" din.
Rotaticn, circulation and
veight on bit varied by

9C1. 5 driller.
ITor.,: Oyee 5F.5

b0 Concrete from 62.3 begin drilling with

89.758.5 to 213.6 diamond bit 0331050

A 65.0 ft unbonded lift No wa:er levels.

7 ,joint Run A
D9.2 C9.2 LO.0 D71.5

B 75.0 ft unbondod lift Runs B-0

e7joint D27.1 C27.1 1.0.0 D98.6
80 Rates of penetration include

rod in and out times
62.3-89.0. Rate of

C 65.0 ft unbonded lift penetration av:erages about
joint 16 stin/ft

90 89.0 installed new diamond

bit 033539; old bit has
flat surface

860.0 100 [77

C-SB



PROJECT Chief Jo'seph Dg ROLE NO. --

LOW&rO 10 7 1an... sr, 7n~.n 3H_____ 2N.. of..j.

CORE DESCRIPTION OF MATERIALS NEMAR9S
D $ol~*al Ca..iticatioeCse elb .bo Nwa tr

PPti ad of I. C Sbift & ISO. prillis
BLW Coa.. Ti... Sig.b Type of sit. Letiti. ofN BLW$ ril, lte f .tratioa. I Iat.

Nals off Lo or Deters, Vat., Color . DItilisg
IT Color F1114 Data, it.

b inch ainus aggregate
E concrete uns E1I

38.0 C38.0 LO.0 D136.6

89.0-127.1 rate of
110 F 105.0-109.0 ft soft zone penetration averages about

11 mmn/ft

c 115.0 ft unbonded lift
12 0 join'

H 125.0 ft unbonded lift
joint 127.1 installed new diamond

bit 03B529
130

130.0 ft unbonded lift

Runs J-.1f
140 D36.8 C36.8 LO.0 D173.4

j b.0ft unbonded lift 127.1-154.9 rate of
joint penetration averages about

13 mn/it

54.9 instglled new diamond
it 03B532

lbCh. 0 ft unbonded lift
joit

163.0 ft unbonded lift
M Joint

17r

175.0 it unbonded lift Runs 5N-Q
joint P29.0 C29.0 LO.0 0)202..

181.5 installed new diamond
bit 9PC2069

P 194.2 installed new diamond
it 03B1049

Qf

~i0.7 290



PROJECT I,~ r in..... MOLE NO. 75-PD-6
LOCATION M olt7.Sila 3.ta2+8 -_____ SN ___ of 4

COR DESCRIPTION OF KATERIALS REMARKS C ~F
E e0 I &ol@ isaiiatios Casg o# tbo 3 BEole &I Start

joI"n t 1 go 19. C1. r. U.1.a5sar

GCortee tightly t.ue~ atatat.I ae

2101 rock contact.

Top of Bedrock 213.6 ft

S
220

tuns T-V

T 29.3 C29.3 1.O. D250.8

230 4.9-305.0 rate of
4230 enetration averaged about

I. mmn/ft

U

2401

V

250

Run W-Y
D18.1 C18.1 1.O.0 0263.9

260

x
269.0 Installed me-. diamond

270 -Y bit 9PC2080 old bit flattened
out

Runs Z-AA
D16.6 C16.6 L0.0 L2?5.5

180

285.5-288.9 ft gouge zone 285.5 installed uised diamond

bit 0381049

29r] AB Ruin Al
D5.8 C2.4 L3.4 0291.3

AC
295.0-300.0 ft soft zon.e 291.3 installed new diamond

kD bit OPC1459

60.0 300 1 AE Runs AC-AF
014.7 C14.5 LO.2 D306.0

________________________________ SI.. of.....



PROJECT Chief Joseph Dam iOLE H0. 75-RD-6
LOCATION Monolith 7. Skillway 3. Sta 2008 SH of 4

CORE OESCRIPTION OF MATERIALS REMARKS
E S $oil$ ais-ic-i. C1I84 be i. Dob st tle at start

Plasticity a I"J of hilt. or level at Start
PT SLOWS Coadst "'6tim. 14so & Typ of sit, ktios ot

G T M Drill, Rac. or , oetratios. . Vater
Less r Rtrors. Rater Color, Drilllip660A 300bd Cata. etc.

AE Runs AG-Al
D13.1 C12.9 LO.2 D319.1

- AF
AG Installed used bit 03B1050

.3101 @ 306.0, new bit QPC1461
- I@ 308.1, used bit 031529AH @ 316.3, new bit OPC1460

31S.0-317.0 ft closely @ 319.1.
jointed zone 305.9 - 341.2 ft.

320 Al Rate of penetration average
iabout 42 main/ft.

AJ Run AIJ" I D9.2 C9.2 LO.0 D328.3

-0 AY Runs AK-AO

330- D2.8 C2.8 L0.0 D331.1
- ~AO

Run AP
AP D10.1 C10.1 LO.0 D341.2

618.8 3 Bottom of hole 341.2 ft P.L. 22 Sep 82.8'

HQ hole grouted with 30 sacks type III HyEarly cement

(3 sacks to 33 gallons of water)

Grout drilled out with HQ wireline, 43.1-34C.0 ft.

HQ hole rea=ed to 11-7/8 inch diameter with Hughes
Quadracone bits with center guide to follow the HQ
hole. The Quadracone bits were weighted with 27,000-
43,000 pounds drill collars and rods and pow'ered with
a Failing 2000 truck-mounted drill, water circulation.

Bit Model Depth Reaming Rate

J-44 60.0-140.0 ft 17 min/ft
J-55 140.0-227.9 ft 8 =-n/ft
J-33 227.9-341.0 ft 7 mm/nft

At 224.0, EQ pilot hole clogged with cuttings.
;,ashed out hole with 3-7/8 inch tricone bit, water
and air to 296.0 ft. Installed 3-7/8 inch tricone
bit on center guide of J-33 model. Drillin2 went
smoothly to bottom - 341.0 ft, water circulation.

The rotation, cir,'ulation and weigh! on bit was varied
v: driller.

S _4 of 4
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Tendon Hole 75-RD-2 in Spillway Monolith 8.

Malor Equipment.
The hole was drilled vertically with a

Failing 1500 truck-mounted rig with both Kelley rod, chuck and
a 42-foot mast. A single-tube, 10-foot long core barrel and bits
were fabricated by the Corps of Engineers from stock 10 inch casing.
Bit dimensions were 10.132-inches 0.D., 9.125 inches I.D., and 8-
inches long. Diamonds were sieve size D-E, track 6-7, face stones
2010, 0.D. gage and 0.D. kick 160, I.D. gage and kick 160 and total
stones 2650. Above the diamonds, the bit shell I.D. was machined
to 9.275 inches to retain core springs of several designs. A
comercial single tube barrel with bit 10.122 inch 0.D. diameter,
a 6x7-3/4 inch standard double tube core barrel and a 9-7/8 inch
tricone bit were also used. Two trolls or drill collars of hole
diameter were used above all barrels.

Drilling Procedures.
A 14-3/4 inch diameter hole was

drilled through the roadway bridge deck and into the concrete of
the ogee to elevation 900 feet with calyx barrel and steel shot.
All drilling was done with stoplogs in place and tainter gate closed.
Twelve-inch I.D. casing was placed through the roadway deck and
grouted 1-1/2 feet into the concrete ogee. Concrete and rock were
drilled with the 10.132-inch O.D. barrel to elevation 698 feet.
Core springs froze, heated and failed to lift core. Runs were
short and, after the first few feet, drilling was without core
springs. Core was removed with worn slotted bits or worn bits
with sand poured down the rods. Core was broken with downhole
wedges. Where core could not be removed, it was triconed
out with a 9-7/8 inch bit. To avoid the core lifting problems,
the hole was advanced from elevation 698 feet to elevation 656.8
feet with a standard 6x7-3/4-inch double tube core barrel, reamed
with a 9-7/8-inch tricone bit and reamed to final tolerance with
the single tube 10.132-inch barrel. A commercial single tube
10.122-inch barrel, with bit and shell was used from elevation 656.8
feet to 650.3 feet. Below elevation 650.3 feet, the hole was ad-
vanced again with the 6xT-3/4-inch barrel, and reamed as before
with a 9-7/8-inch tricone and 10.132-inch core barrel.

Bit Footage.
The Corps of Engineers-fabricated 10.132-inch bits

drilled from 2.3 feet to 8.3 feet per bit. Commercial 10.132-inch
bits, with slightly larger diamonds, drilled 3.3 feet to 19.6 feet
per bit. Bit footage was generally limited by diamond crushing or
diamonds tearing out of the matrix. The diamonds generally were
not flattened or polished by wear. One new commercial 10.132-inch
bit and shell, used with a single-tube barrel, broke after 6.5
feet of drilling with the diamonds showing no apparent wear. The
standard 6x7-3/4-inch bit with double tube barrel obtained 36.2
feet of hole advance.

C-98



Time Studies.
Overall coring rate with 10.132 inch diamond bit in

concrete and rock was 39 minutes per foot actual drilling time.
Core retrieval was 28 minutes per foot. Downtime for repairs,
waiting for replacement bits, and field fabrication of tools and
parts, plus all other downtime, was 50 minutes per foot. The total
of all operations was approximately 2 hours per foot. Standard
6x7-3/4-inch core barrels shoved a rate of approximately 30 minutes
per foot including core recovery and removal from barrel.

Alinement. Hole alinement was checked at intervals
with a Digitilt (inclinometer with aluminum rods for azimuth) run
down the drill rods. A Digitilt survey to elevation 650 feet and
a plumb-bob survey to elevation 820 feet showed hole alinement to

be within one foot horizontal to 200 feet vertical overall.

Water Leakage.
Rate of water loss with casing full was

used to determine leakage in the hole. This method was abandoned
when leaks developed at the base of the 12-inch casing where it
was grouted into the ogee concrete. Morning and evening water
levels were then used to determine overnight leakages. The hole
was checked after completion by blowing out the water with com-
pressed air and measuring the rate of water rise in the hole. The
highest rate of inflow for the entire hole was 9 gallons per minute.

Grouting.
Leaks were gravity-grouted as the hole advanced.

After completion, the hole was gravity-grouted up to depth of 171
feet. The grout was drilled out. Water inflow for the entire hole
was reduced to 3 gallons per minute.

Major Equipment. Single tube barrels with core
spring heated the spring and rendered it valueless. Core blocks
occurred at short intervals. Bit footage generally was limited by
diamonds being broken or pulled from the matrix and not by diamond
wear. The runs were limited by core blocking in barrel. Core
breaking with in-hole wedge and removal from hole with slotted
"old bit" plus sand poured down rods was costly in time. Removal
of bit and shell from barrel with chain tongs frequently bent the
shell and barrel and removal by cutting torch was cononly required.
Hence, metal thickness of bit, shell and barrel was not adequate.

Drilling with double tube core barrel followed by reaming was

satisfactory.

Tendon Hole 75-DHH-3, Intake Monolith 21.

Drilling Data.
A

3-7/8-inch hole (75-RD-3) was cored to a death of 251.4 to obtain
information on concrete and rock. An 11-7/8 inch diaseter downhole
haer hole (75-DDE-3) was drilled in this sam location. The
cored hole was grouted and not used as a pilot hole for the
domhole hanner. An 11-7/8-inch button bit, actuated by a 100-10

C-S4



Series, Mission Hamurdrill and two 900 cubic foot per minute capa-
city air compressors, was used to drill through the concrete and
rock to a depth of 201.5. Drill pipe was 8-inches in diameter.
Drill rates ranged from 5 minutes per foot with new bits to 60
minutes per foot with worn bits. Two bits were used. Drill rate
averages were approximately 6 minutes per foot in concrete and
16 minutes per foot in rock. Downtime for all reasons was
approximately 13 minutes per foot. Twelve feet of casing was
misaligned and deflection of hole from vertical exceeded specified
alignment tolerance from top to bottom of hole. The hole was
backfilled with concrete. Redrilling started on 16 July 1975
and continued until 20 July. The drilling was halted when the
redrilled hole followed the initial plugged hole. Equipment for
redrilling was modified prior to an attempt to improve alignment
of the hole. The top and bottom of the haamerdrill were enlarged
to 11-7/8 inch diameter and the lower 20 feet of the 8-inch
diameter drill pipe was stabilized with a 11-1/2 inch diameter sleeve.

Tendon Hole 75-DHH-4, Closure Monolith 2,
Drilling Data. The hole was drilled to a total depth of
168 feet, of which 100 feet were in concrete and the
remainder in rock. Equipment used was a Mission Series
100-10 Hammerdrill built up to 11-3/4 inch diameter, with
an 11-7/8 inch button Rammerbit, 8 inch drill pipe and
11-3/4-inch drill collars, powered by a Failing 1500 drill
and two 900 CFM, 100 to 120 psi, Compressors. Drill rates
averaged 34 minutes per foot including bit changes, adding
drill pipe and cleaning the hole. Hole alignment was within
one foot horizontal to 200 feet vertical overall.

Tendon Hole 75-DHH-5. Spillway Monolith 8,
Drilling Data. The hole was drilled to a total depth of
340.5 feet, of which 210 feet were in concrete and the
remainder in rock. Equipment used was a Mission Series
100-10 Hammerdrill built up to 11-7/8 inch diameter, with
a 11-7/8 inch diameter botton Hameerbit, 8 inch drill pipe
and 11-3/4 inch drill collars, powered by a Reich T-750 drill.
Two 900 CFM compressors were used for drilling to a depth of
211.5 feet and below 211.5 feet, two 750 CFM compressors rated
at 250 psi were used. Drill rates averaged 18 minutes per
foot in concrete and 17 minutes per foot in rock, including
bit changes, adding drill pipe and cleaning the hole. Hole
alinement was within one foot horizontal to 200 feet vertical
overall.

Tendon Hole 75-RD-6, Spillway Monolith 7, Drilling
Data. The hole was cored to a total depth of 341.2 feet, of
which 213.6 were in concrete and the remainder in rock. A
EQ wireline powered with a Failing 1500 drill was used. The
hole was then reamed to 11-7/8 inches with Hester modified
Hughes Quadracone bits, Models J-33, J-44 and J-55, with

(guides following the HQ pilot hole. The quadracone bits with
drill collars were powered by a Failing 2000 drill. HQ drill
rates averaged 21 minutes per foot and reaming rates averaged
24 minutes per foot. Repairs and other downtimes were not
included in these rates. Hole alinement was within one foot
horizontal to 200 feet vertical overall.

C-06



N.I.H.. 75-RD-50

WJUCT le. Giza AND TYPE OF SIT w

Chief J05ePh Dan
3O6TO5 83 '1'193, 820.99 a.MAISUFACTURMS O~OAINO WL

SOL9 WO. fA. OR. - .. A IWOS rm..1~L~~AE IENOE uwg.USS
aw Mo.a-boo-RD-50

____________________________________4 TOTAL NSINEN Coma mOasE

R. ARE OF OWLEM I& ELEVATION ORON WATER

b IRECTION OF ROLE Is. SATE "MEf t9 Oct 19'7S 1 OSc)t t97S

______________________________________ T. ELEVWATION TOP OF "OLE95.

1. THSIANEM OF OVCEAIUUOEM 72.5 WTTLCN K*gvPp*0m

S. DEPTH GRILLED HISTS ROM 17.2 3. SIGNATURE Of P#$PECTOW

6TOTAL DEPTHNOF ROLE 89.7 _________

CLAWIAION AEIIS SOEOO ESN

9LFrVATI DEtHLGEN W.IV APE DE~ I. mO blt...IPA

. b d IS

959.2 UV*

10

20Z

30-7

5Q:

899.2 6 3 3ND w/ gravel, w;et, -brown IN--32

894.2
Sand (PAVEL wl 65 esCI"

G, dense. wet, grayI

886.7 - b of Bedrock

granite, gray

8Q-

869.5 90
Bottagn of hole 897

NAN 6 TIdief Joeh om 7
5

-S
(jAWMUESM~v



IS. LEATIOS 
7R5URD-5A0A

OIECIOS O G NOLE DoATE ICOMPL CT

P~RMTA D.10S ______CO RWVR .' ~E 1 Oct 1975 17P Oct 197T

NET 36R,009.8 ENT ROC "1,187 0 . SIGAUTUR OP I ESIGETIO DRL

TOTA TOTTH OF. OOF 60N UOST
SLVTI. DET LEGEHO I M IFCTO OFMTEI RS OR MES T0AOKREA

a. NAMECOF.WSAMPLE (O4. TOTAL MURDER.CORE BOXE
I ELE ATIO GONO.DWATER *dHO

L D I E T O O F d" 14 A E " L I c u 2 s

952.2ES OF OERBUDEN 0 1 ELEATIO TO OF OLE 59.
banTOTA Oft.VE ION cobb.

TOTA DEN=OFHOE

928.20 0.~4

Silty- SAMPLE _NSL do"en

SAVED w/d rAelt Codcrwet,

952.2 52

Boan GRVE hol cob60.0

C-el



NoWN& I 75-RD-51

MLLm LM 7 NPD oips ittS
U. 3)EG . IZE 95 TlPS ar 0NT

Chief J oePh Dam . s I T YE O MIT I

L LOCATIO (a. - ms s

N4. 950. 18 E 2293793.17 1I. MANUFACTUE OEaOATI or mILL-
1.OILOAGENCY

4. 0 *
- -. ~'75-RD-51

a Whla 006WUM3 I& TOTAL NUmmaR COos so s

I ELEVATION GROUNO WATER

SO. ltCIO OF "OLE '41TRYO ICOAITEIO

o VK,*€ .I Ko. " . D O 18 Oct 1975 i21 Oct 1975
7. ELEVATION TOP or HOLE 959.3

1. TWICXNSES OF OVERUIpOEN S6

I DEPTH IILLO ITO MOCK 17T5 OTAL CORE RECOVERY PON MORNO I______' ______________________173  ___ 3 SIGNSATURE OPL INSPECIOa

L TOTAL DEPTH OF HOLE 73

CLEVAIOI DEPTH L4055 CLAINIFICAYO OF MAYIALS 3J r & ,UIA REM~ARKls:

b d . I I

959.3 0 
-  

Alternating Layers of Sandy
GRAVEL and asphalt concrete

953.3
Sandy GRAVEL, mediun, moist,

10brT N=20

944.8 - N=23
(P Sandy GRAVEL w/ occ. cobbles I N=40+

940.3 dense, wet

20-- Silty Sandy GRAVEL, dlense, N=36
wet, gray

N 31

929.3 -
Gravelly SAND, edium-dense. N28
wet, gray

919.8 40- S ?=4

914.8
Gravelly SAND., medium, wet, N25
brownish-gray

50 SP

903.1 - -_" N=26
_- o of Bedrock

60 Granite, hard, gray

893.5 - -

Basalt, dark gray
889.8 70_ -

Granite, gray

885.8 - ohm of hoe IF 1.5I

90_/

I-G Pa 1136 punv , ,,s ARM oesout.
MAR 71 Chief Joeeph Dw 75-RD-51

C-68



HeleN.. 75-RD-52

0ULLMLS L I' NP) INTLLTO NPS 0,1? 1

d~iief oseph . UZE9 AND TYPE OF SIT

LOCATIO W-4600.- tSudR

N365M 04.91 E 2,293,835.12 It. MANIJFACTUREWS DESIGNIATION OF GRILL

13. TOTAL MO. or OVER UNOIDITURNED

-. ~~~74-RD-52 _______________________....__

W AE FDILLER I4. TOTAL MUMMEA COME DOXIES

15. ELEVATION GROUND WATER

SDIRECTION OF HOLE ISRVD ICOWLKtED
C veRTICAL OIE0," _____ EN N ET IS. DATE HOLE 22Ot97 29OtJ5

17. ELEVATION TOP OF HOLE 949.0
1. THICKNECSS OF OVERSIIRDE N OTLCR ECVR ORSRN

IDEPTH DRILLED INTO ROC= .NTUREDO INSPECTOR

0. TOTAL DEPTH OF ROLE 81.8
ELEVATION DEPTH LEGEND CLASSIUCATO 0, TERIALS K CORE IlaK OR REMARKS

RECOY. SAMPLE (EDM, I I..*PAR O ~ Ij . W- f.4.. dh

V40. Rockf ill W/ Silty Sandy
345.0 ___GRAVEL, brownt

Rockf all W1 Sandy GRAVEL,

10dense. wet, gray

20

921 - _______________

30 Silty SAND (fine) wI fine
gravel, loose, wet, brawnN=

M 40

Silty Sandy GRAVEL,. niediun, I J17
wt, brown

50
(1G4 Silty Sandy GR.AVEL, dense, IN 40

896.0 ___ wet, pray
Sk")! w/ fine gravel. m&diJLr,

Sp wet, brown

889.5 60 7- ___________

-p aND w/ gravel dense, wet,

brawn N=0
885.3 _GP Boude

To~p of Bedrock

Granite, close jointed,
70 hard, gray

80
867.2

Bottan of hxoe 81.8,

90

VIA 7O133 PRChSE~fOIAEDUD.T.ief Josenh Dan75-RD-51

(?RANSLUCOa1"

C-99



PROJECT Chief Joeepm Dan MOLE NO. --

LOCATION Left Abutment -ISETRmrh

OEPTN OF DOLE 57.5' CONTRACTOR Govrernmant

DEPTN OF 0.5. S7-51 DATE STARTED - San 82

NOCK DRILLED 0.01 SATE COMPLETED- so Le 21
S CORE RECOVEREDNI/A SURFACE EL. 956.2-
DIAM. ROLE 4* N 3ga.23 E2299S
EQUIPMENT Mobil. 8-S0 Rotary wash

C01 *ESCRIPTION OF MATERIALS REMARKS

E OR Selis Ca..i: i..li a..ltm'. t tr

Silaticiny DPt.9.w rle /~csn.writ

boldr (15) (aglr it

(loT) dri.bon rilingeray rylo

A asoks /3l stcsoknepak 10.0'f Wande 160

Sindy Sady v/s-lt. GP-wG rildw/'Nsic atrcr

952.7numerous cobbles, cc cuato Sep 82 /2 W.L. Dr
20 oulders (15) (angular) bt

I Ioose , mdr;im t brown 2rlln Sep rll 82r slowDr
(Rock Rubble Fill). andifcl.02%Df

93.2 -- -- -A-- Shot 2, 1/3 lb. sticks kine-
pack 0 23.0'. and 16.0

30 ~~Sandy GRAVEL. GPi. v/nme- 2Sp8 W 01

nuous cobbles, ce. boulders. Dr

w oe -du, It. br ow 3 Sep 82 W.L. Dry
918.7 -(Rock Rubble Fill).

932.2 Sho Silt SA/3 lb. $tick fine).

Sand p.RAE, GPedium r/ 2 Sep 82 W.L. 30.11

D br.5) (aslatdthi mium,
oft clyy it. Twi3Sed 8 7..0 ofDrl ol

91. 40 (Rc Rubl Fill)ffi.hle-rerev

50~~~ Sroep casing 3.31 on

932SySAND, S P. (9(fine) , whl- rvn o4.'

dens, iorange/brown. laminaetivdcsn ein

indistinct bedding. 17.5'+ shoe in hole, 32.21-

698.7 Top of rock 57.5'. 49.7'.

0Total depth S7.5'. 4 Sep 82 W.L. 38.21

Installed 2-1/2" I.D. * Sch 80
Samples A-G v/3" split P'/C pipe. Slotted ? l.0*
spoon drive sampler using inttervals, 37.31-57.3'.

70 11 Sep 82 W.L. 37.9'

Blew water fron pitbometer
for 8 min. W.L. returned
from 47.7'39.4' in 126 sin.
S.W.L. (37.7') reachted by

BO 1300 hrs.,* 13 Sep 52.

LOAo



PROJECTC~ ~ * OLE 00. --

LOCATION tea.. . INSPECTOR Karaba
DEPTH OF VOLE sosCONTRACTOR P- I...

DEPTH OF 0.5. -90'DATE SYARTE05S Sept 62

pROCK DRILLED 21.6' SATE COMPLETED 7 Sept 02
% coal RECOVERED loot SURFACE EL. %ai n
DIAN. HOE 4*/3* 0 J&A ~ E
E9UIPMENT, ~.Jqk. .h______________

0CORE DESCRIPTION OF MATERIALS REMARKS
$oil* Clasaifie.,*aa Cabl Be at . Notef a at start

Platiit Sit 6 I,.Dil~

7 N SLOW$ 1 oeo oaie I Wae
N ItT crsao11.. W1::oa Waler Color. Drilli

Sandy GRAVEL v/Silt, GP-GH Dvrburdon drilled with 3-1/2,
Numerous cobbles, (11.), Oc.tricone bit, water circulati
Boulders (1.51-2.01), 4"casing,

(angular). MD. (loose), (dr)),
In Lt. St.

(ROCK RUBBLE FILL) _____________

rilling gen. v. slow and dif-
icult. 0-201 DFR.

Srades to cobbly sandy Ole deviating from vertical
SRAVEL v/silt, 16.01-29.01. Sept 87 Nt DRY

20 6Sep 62 Nt DRY

Void In rubble fragments, Cnt'd difficult drill.
23.51-25.21. Shot 3, 1/3 Lb. sticks Kinepac

16.51 and 23.51.

op of rock 29.0
933.0- GRANITE" (LAMPR0PHYRE to

ark gray to white, gen. 6 Sept 82 Nt 24.2'
resh, very hard, widely 7 Sept 82 WL 28.0'
paced joints, generally Began coring @ 29.1 w/N)OIW
mooth-moderately rough, core bbl. & diamond bit.

C lightly F40 stained, 0CC. Runs A-E 0% DFR (poor casing
ightly infilled w/calcite, seat on top of rock).
aintly slickensided. Joint Installed 2-1/2' 1.0. Sch 60,

0 ngles gen. 200-400 from PVC Pipe, slotted # 1.0.
oriz. occ. 600-700. intervals. 20.41-50.41.

882.4 E ______________ emoved drill casing.

7 Sept 82 Nt 24.2'
a Sept 82 Nt 28.1'.

11 Sept 82 Nt 28.5'

otal depth. 5O.6' soil
escriptions based on surfacqBlew water from piezometer for
bservation. DFR and drill I min. WL returned froWN 45.0'
ction 30.8' in 150 min. S.W.L.

-oil sample W attempted 128.5') was reached by 1300 hr
/31 split spoon drive samplqr 13 Sept 32.
sing 360# surface hammver.

70 ecovery 0% and destroyed
ampler shoe in attempt.

60 Bdrock sampled continuiusly,_______________

w/7x core barrel, diamond
bit.

1000

L-o



PROJECT ( M...-_ _ . . . .
LOCATION- U,,. .,t INSPECTOR|..jtecga
OEPTH OF MOLE 14. CONTRACTORN
OEPTH OF 0.-. *D*l SATE STARTED 10 109t 1:
ROCK DRILLED it a- DATE COWLETED Sent
S CORE RECOVERED 100% SURFACE EL.
DIAM. ROLE 4*/]*- NI 364,1l0 E _291,744
EQUIPMENT.. 1 i1j n m w..

I CORE DESCRIPTION OF ATERIALS RERUrt
O* I a Soli Clsif cates Ca llS t, Onto 6 ReLf as tart

El altciy I o4r Sof bot water level at Starta led at |vib hirtl a iz' DrillS11

$LOdws 106 Ti im. Sig * .#I :o Aclio of
urill. 11to of captr8t., I Voter

4 hi Ni$ re M Io teter., alter cer. phillm
Color ?lai Data. etc.

S Silty Sandy cobbly (11") erbuzldn drilled with 3-1/2'962.6 fRtAVEL, GM (finet-€oarse, tritons bit, water circulation
* angular), . D 4loose) dry, "

= 
casing reduced to NiX W))

Lt. Or. (ROCK RUBBLE FILL) asing and 2-15/16" tricons
t.. S1.5'. Samplets A-E W/3"

plit spoon drive sample (3604
Cobbly sandy GRAVEL v/silt, ammer) samples F-V w/2" split
GP-G, occ. boulders 12.0'), poon drive sampler (1406 h
(angular), (loose), dry-vet,
Lt. Dr. (ROCK RUBBLE FILL).

Silty SAND, SH, (fine), Ip, )rilling gen. v. slow and dif-
Loose, wet, GR/BR,to orangetricult, DFR-0t. S!.ot 3, 1/3 It
br mottled. High mica con- ;ticks kinepack, 5.6'
tent,

i0 Sept 82 hi 11.6'
1 Sept 82 L 11.3'

C hot 3, 1/3 lb. sticks kinepack

920.9 1 Sept 82 QL 10.8'
SAND, (SP), (fine), isolatedt3 Sept 82 WL 11.7'
gravel (fine-coarse rounded) )rilling somooth and even.
medium-dense, wet, medium asy penetration, 9.00 DFR
brown.

.3 Sept 82 %L 13.2'
Thinly laminated w/sandy S Sept 82 hL 11.9'
SILT.

60 Moderately plastic clayey
SILT, 65.5-66.8.

899. Top of rock 66.8 Begin coring . 62.5. w,WXHW
"GRA MITE" white, fresh, core bbl. & diarod bit.

70 60t DFR
very hard occ. pyrite 15 Sept 82 WL 7.3'
crystals, joints widely 16 Sept 82 ; 10.1'
spaced, smooth to moderately 60% DFR

.-- rough, fresh to slightly
stained v/PeO. occ. slick-
ensided. Joint angles

r 350-450 from horiz.

851.2 - D .16 Sept 82 UIL 7.0'
Total depth 84.7' rock 17 Sept 82 S.7. 11.2'
rubble fill descriptions Installed 2-1/2" 1Z., Sch 80,
based on observation of PVC Pipe slotted C 1.0'
surface conditions, DFR intervals, 49.4'-74.4'.
and drill action. Removed drill cas'iq.

i nn

C-102
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PROJECT Chief In.. em Dam-_____ HOLE No. 62-RD-4
LOCATION Lefr Ah.,i..t INSPECTOR Kraba
DEPTH OF DOLE J2.60 CONTRACTOR r-P
DEPTH1 OF 0.3. 22N5 DATE STARTED 17 s-n 82
ROCK DRILLED 20.1 DATE COMPLETEDS A
% CORE RECOVERED 1002 SURFACE EL. 948.5'
DIAM. ROLE 4./3. N 364.364 E 291,54
EQUIPMENT W%Ile B-80 Rotary Vash

coRE DESCRIPTION Of MATERIALS asm0816REMARKS
S soils Clasifi~caio ofl. gow. st ~51 at sts,,

0- Platic ity a Sod of Ra"Iibi , A to, of I4e

T LOWS grill.l WI * 1, 51, @1 rai. S voter

I NI JFT as Situ. Lss of . oter Coor Drillin
Colr litDaa tc

Silty Sandy GRAVEL, CM v/ Overburdent drilled with 3%"
numerous cobbles (11"1) Occ. tricone bit, water circulation,
boulders (2.51). (angular), 4" casing.
NP, (loose), dry. It. hr.

10 (ROCK RUBBLE FILL).

961SAND. SP (fine-medium), Drilling. rough, grinding to
dense, (wet), mod. br. 12.1'. smooth to 18.1 602-80%

930. ..... _____________________DFR. Drill action grinding.
20 Sandy GRAVEL, CP (fine-carn 81-25' F

rounded), (wet). 17 Sep 82 WL 6.7'

A "GRANITE," (LAIO'ROPHRE to !18 Sep 82 VI. 22.3'
30.09 dark gray, fresh, Began coring 0 22.3 v/NXEW

30 hard, joints widely spaced, core bbl. & diamond bit.
C fresh to slightly FaO stainel Runs A-E 80-100% DFR.
- cc. filled v/calcite.

40 racture spacing close to 18 Sep VI. 14.7'
E er close 9 30.0'. Trace

905.9 g@410.Fatr
ngles gen. 20-30 degrees Installed 2 " I.D., 5CH. g0,
ron horizontal. PVC Pipe Slotted @ 1.0'

'intervals, 11.0-42.0'.

50O1). DEPTH 42.6' Removed drill casing.

ample A v/2" splitspoon 23 Sep WI. 25.2'
rive sampler using a 1400

ammr. Sample B attempted Blew water from piezometer for
/3" splitspoon drive 8 min. WI. returned, 39.7' -

60 ampler using a 3608 hammer. 35.6' in 8 hours. SWI. (28.6')
oils descriptions largely 1600 hrs 27 Sep 82
ased on DFRt and drill

C-103



PAOJECT chief josech pAm HOLE HO. -

LOCAl IONt~eft Aibutment INSPECTOR Kiraba
DEPTH OF HOLE-25.01 CONTRACTOR r,
DEPTH OF 0.3. 23.6' -D....ATE STARTED 20 agn 2-1
ROCK SKILLED - ia' S ATE COMPLETED 21 Sep 12
S CORE RECOVERED N4/A SURFACE EL. es. A-
SIAM. HOLE 4* li64-117 E
EQUIPMENT Mobile U-80 Rotary Wash. ______________

DCORE SESCRIPTION OF MATERIALS REMARKS
0Sol&& Classiricatl.. CA@ol oth btof sles at Start\ ci ~ Plasticity ,,mer Level bo t Start

P :, 2" :1 oet c SI &Roto. prilltal
I T SLOWS C*I" foilif Ao si; t tt. ci* vof

?1'e.er illo a ? . .hctsl* .1
I N ~ /FT tooo.Lw rea tutor..1"" aoe ~. Sriwater

-Caler ?less Date. etc.
Cobbly silty Sandy GRAVEL. Drilled with 34" tricone bit,
GH, w/ occ. boulder(.'. water circulation, 4' 9 casing
(angular). (loose), It. br.
(rock rubble fill). Samples A-3 taken bv 3' split

957.3 spoon drive sampler using 360$
A hammer .

B_"Brill action rough, grinding
301 to 501 DFR.dif!icult to
clean out hol* prior to
sampling.

Sandy GRAVEL, GP, (fine to 2 e 2W .
921coarse, rounded) medium, 21 Sep 62 W. 10.9

942. wet, tied. brow. (G2RSpA2VEL0.
940.4 ILTER). "natalled 24" ID, Sc . 00 PVC

To ofrc 2. ipe slotted 0 1.0. intervals,
op ofrock23.610.0'-23.61. Removed drill

casing.

*GRANITE"

21 Sep 82 ML 10.3
Total depth 25.0' 22 Sep 82 WI. 12.1

60

70

90

C-104



PROJECT Ch p a.jM h pam HOLE NO. 82-R-6
LOCATION ,ert &met INSPECTOR t... .

DEPTH OF HOLE e.' CONTRACTOR .

*EPTN OF O.3. 37.7' DATE STARTED2 sap a,
fROCK DRILLED 2-1 DATE COMPLETED 23 Sep 02

$ CORE RECOVERED N/A SURtFACE EL. 963.9
DIAn. HOLE 4' I 194-147 E - _-3 ,,a

EQUIPMENT Mobile B-0 Rotary Wash

CORE DESCRIPTION OF MATERIALS REMARKS
iD 5.. lcatles csig, DOW. DPtb o s attart

ca | IIt 4 eadt .th, witer LeIt StAt | tiltJ a Set SaCS ISkit I S.:, .!tIllIs~ SLOW~S }of bit Aire Re,. . :o ,LI O.

T IM ~w .. goDril lte of 6*1tratirs. I Uster

'AT Ulsr@ Le ;w hter@, laer Col:?. ."illiig
Coior Fltid, D ., etc.

Cobbly, silty sandy GRAVEL, Drilled with 3%" tricone bit,
GH, v/ Occ. boulders (2.0') water circulation, 4' P
(angular), (loose), (dry), casing.
It. br. (rock rubble fill).

955.9 . . Samples A-D taken by 3" split
-spoon drive sampler using
360# ham mer.

a Sandy GRAVEL GP, (fine- Drill action gen. re.gh,
coarse, rounded), w/ grinding, 40-80 DR, 0% 1
numerous cobble (S), 0-10' G 33.0O-37.0'. Diffi-
medium, vet, multicolored, cult to clean out hole prior

" (GRAVEL FILTER). to samp.

J2 Sep 82 WL 7.8'

30 23 Sep 82 h% 6.8'

Installed 2h' 1D, Sch. S0,
PVC pipe slotted @ 1.0, inter

vals. 10.0'-37.7'. Removed
926.2 Top of rock 37.7 drill casing.

924.1 40 ' _ GRANITE' -23 Sep 82 kL 9.2'

Total depth, 39.8' 24 Sep 82 SWL 9. 1

so

60

70

90

O0
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PROJECT_0,4.9 i n . ,- - DH NO. s
LOCATION Left Abutmnt INSPECTOR Karaba
OEPTN OF OLE. 1.9' . CONTACTOR fot.

DEPTH OF *.. D.7' SATE STARTED. 24 Sp 2
NOCK DRILLED 17.2' DATE COMPLETES 27 S.P 82

5 CORE RECOVERED 1002 SURFACE EL. 931S.'
SIAM. HOLE V/3" _ 364,334 2 2,291,322

EQUIPMENT Mobile 3-80 Rotary Wash

CORE DESCRIPTION OF MATERIALS REMARKS
ell

s  lsifcaionle 
c€iola . lta t s~ew el tart

SSao, lioto L evel *I Start
II. 

pIsici 

ae , bicllal

S" t.. slag aTypeo Ig. lct@ ofl
FT~V 

Rotore[ I l r . V ate€ Color . Dr ll ilet

./FT e e'": I
Celer fluei Dat. etc.

Silty. Sandy, Cobbly. Overburden drilled v(3"
GRAVEL, CM. v/Occ. Boulders tricone bit, water circula-
(1.3') (Angular). NP, (Loon )tion, 4" casing. Soil samples
Lt. Dr. (ROCK RUBBLE FILL) A-C by 3" eplitspoon drive

01 cahpler using 3601 hamer.

SFI"'y SAND. SM (very fine), Drilling rough, grinding

A NP, loose, vet, Ned. Sr. DFR. 802
934.0 -. .24 Sep WL DRY

20 Sandy GRAVEL, GP, (fine-
coarse, rounded), loose, 25 Sep VL DRY
vet, meld. br.

Continued rough, ginding dril
DFR-O-102. Difficult in
cleaning out bole prior to
eampling.

B
25 Sep )IL 32.1'

907.2 27 Se- V 33.5'
TOP OF ROCK 44.7 2

"GRANITE," (,. ,RP,YRE . Cored Bedrock.
56.0'-61.9') Dark Gray to Began coring # 47.0 v/NXHW

50 A White., Sen. fresh, bard-very core bbl. 4 diaiond bit.
hard, videly spaced joints,

Gen. Smooth, fresh to S1. Installed 21%" I.D., SCH 80
B stained (green), faintly PVC Pipe Slotted @ 1.0'

slicken elided, isolated intervals, 10.0'-61.7'.
C gouge 8 53'. Joint angles

60 gen. 35-55 degreesfrom Removed drill casing.

_89. horizontal. 27 Sep VL @ 26.1'889.6 
-

TOTAL DEPTH 61.9' 8 Oct SVL 32.25

70

80"

90-"

,c-to,



PROJECT Chta Joal DrOLE NO. G-8-
LOCATION tft lt.*.wt INSPECTOR lKaraba
DEPTh OF lOLE i-pCONTRACTOR Governmtnt

DEPTI Of 0.3. M/A DATE STARTED- 28 sop si

ROCK KILLED -l- DATE COMPLETED 7a cpa
S CORE RECOVERED M/A SURFACE EL. '6s.4,
DIAN. HOLE I'*3429E 2,291,710

EQIMNT bie_______________

CORE DESCRIPTION OF MATERIALS REMARKS

* - t fth sekic ato Coold Def S. Db 0 ol as,. State

T NSLOWS Cs"' ilsm Tim. Si,.o 11 of0 sit. kcio. of

Color Fluid Data. etc.

Silty, sandy. cobbly GRAy- Drilled with 5-7/8- tricone
19L, GN. w/ ccc. boulders bit to 11.0' reduced to 3'
(1.S') (angular), np, tricone, 4* casing. Circu-

95.4(loose) It. br. (ROCK RuB- lation fluid was water.
- - SLEFILL).

10 tL-

Sandy GRAVEL,GP, cobbly Very slow difficult drilling
(angular?), (loose). 01 DFA casing deflecting I
(Rock rubble fill?). 9-10'.

96420 -28 Sep 62 WL 12.7'
946.429 Sep 62

1-1/a' ID, Sch. 40 PVC pipe

Total depth 19.01. Slotted 0 0.5' intervals
from 16.01-13.01 and 1.01

30 ~intervals from 13.0--6.01.
Removed drill casing.

40

100

C-107



PROJECT Chief JH6eo-.,,-- NOLE No. 82-RD-9
LOCATION Left Ahutpnt INSPECTO Karaba
DEPTN OF HOLE 73.2' CONTRACTOt aovt.
DEPTN OF 0.1. 55.8' DATE STARTED 1 21
ROCK DRILLED 17.4' SATE COMPLETEDS Oct 82
$ CORE RECOVERED IOO SURFACE EL. 95.2
#IAN. HOLE 4"M I 3644116 " 2,291,708
EQUIPMNT Nobile -S0 Notary Wash

C ORE SESCRIPTION OF mATEIIALS REM4ARKS
s \li tol clawitleai i.ie s St ll i Role as tatl

- Sity Sucl7Cobby GRVEL Overburden Drlled by 3i1"E Plastici loeddersTritonf lit, water CL rcul atr

(.'), (Angular), Loose, " Casin, Sampes A-C S '*

Try, t. r. (ROCK RUIc" Split Spoon Drive SaArler f

10L FILL) -360t eaer. SaColes D-G

Coo ai st am er.

A it Sandy Cobbl y GRAV EL G O u v/Oct
Boulders (1.5)l (Angular-

9 . ounded), Ve y Loose-Loose,
2._ _ L (Dr.K (ROCK RUBBLE Sloi Diffcult Drill v/DFer

" 902 to 5.5; 02 from 5.5 to
0 26.0' 29 Sep 82

938.7 Split Spoon Drie30 Sep 32

6rillin Raeor.gRpi

ravel (ine) SAND SG , AVELs g 20-p0

(Id.-Coerse), P, Very 20-

R VrLoe-Loose, et, K. 3ru.

931.2 t . 2 o . t

E 2ades to Fine S2nd v/

927.2 Scattered Pine Gravel 6_29.0
40 r AND (Fine) v/Silt Sp-SN, ND

Ledu, VetW d. Br.
922.8 ...

Eady GtAV Fi (Fine-
9o7rse), (--dtm), Wet. 30 Sep 82 GIv 10.9'

ANDS, (V. Fne-Fine), Cc Oct 82 T 13.6'

e Gravel, Md um, et, Began Co rng 58.0 v/
d. Brn. Thinly Lam. vi Corebbi & diamond bit.

909.7 11 ut. Grades fine to mad. Runs A-E 80 DFR
" 54.0' 02 0 72.5'.

60 A op of lock 55.8' T Oct 82 WL 9.7

C

70 E

892.0
"GITE." White, Presh, 2 Oct 82 installed 2" I.D.,
- ry Hard, Gen. Widely SCH 80 PVL Pipe Slotted f

0 spaced joints v/Close to V. 1.0' Intervals, 10.0' - 62.5'.
80 lose Joint spacing @ 66.5'- Removed drill casina.

8.7', Smooth, Slickensided 2 Oct 82 SW. 10.7'
lightly F 0 (or Chlorite)
tained, Traces of Gouge &
nfilling v/Calcite, Joint

-ges Can. 35-65 degrees.
90 From Horiz.

-otal Depth 73.2'

OO

C-108



PROJECT Chief Joseph Da - NOLE HO. 82-RD-10

(OCATION i.f ab,.-Ini.t INSPECTOA__ __._..

DEPTH OF HL n.1. CONTRACTOR SgtI .fl1

DEPTH OF O.3. 3.1' -ATE STARTED 2 Oct 82
ROCK KILLED 36.1'-56.a' DATE COMPLETED A Oct 31

S CORE RECOVERED 9i8 SURFACE EL. 963.2'
DIAN. tOLE 4"/3" II 1( -E
EQUIPMENT Mobile -O Rotary Wash

CORE DESCRIPTION OF MATERIALS REMARKS
Id: cmaaM ?.. slit. ktti f ,iow at stti

11.013 ce'"r to. list At Tj;:ftts. C,08Vi

Tw ssa sa~ Valt. er1mIFT Il8l8"re LO I t oer Cater. IN'ittime

Col m .=,r|d Sata. etc.
Sandy Cobble GRAVEL w/silt Overburden drilled v/3Y
GM-CP. XP. loose, dry. tricone bit' water circulation
(ROC= RUBBLE FILL). 4" casing. Sample A v/3"

splitepoon drive sampler 6
. 1samples 3-1 v/2" splitepoon

954.2 10 Sandy clayey SILT. MIL. v/ drive sampler & 1404 hamer.
gravel (fine-coarse, rounded
to angular). SL-PL, very

- stiff to hard, moist. GR/BR.
a (IMPERVIOUS CORE) Rough, grinding, drill action.
Cm DFR OX to 9.0', 1OOT 9.0' to

20 36.1'.

7--" 2 Oct 82 VL 1.2'

R

930.0
CONCRETE TOP OF ROCF 36.0 -Z Oct 82 VL 4.7'

927.2 A Continued rough, grindina
" GRANITE" vhite, very hard, drill action

40 flesh to FeO Stained. gen. 4 Oct 82 WL +1.3'
i videly spaced joints becom-

ing closely to very closely 5 Oct 82 VL 3.7
C spaced * 42.3'-46.0', Began coring P 34.3 v/NXHW

smooth to moderately rough, core bbl. A diamond bit.
FeO stained, Occ. elicken- Runs A-E, DFR 90% btm.

S D slided, iso. oxidize- iron
pyrite crystals. Joint 5 Oct 82 VIL -+1.3'
angles Sen. 40-60 degrees

E from horizontal.

906.4 TOTAL DEPTH 56.8' 6 Oct 82 WL 8.2'
60

Installed 2hI" I.D. SCR 80 PVC
pipe slotted @ 1.0' intervals
41.7'-36.7'. Placed sand
filter pack, 56.7'-33.7'.
Placed grout seal (cement +

70 Al. povder), 33.7'-37.0'.
Installed 1-1/8" I.D. SCH 40
PVC pipe slotted A 1.0' inter-
vals, 24.0'-5.0'.
6 Oct

80 19 Oct "L 17.5
Blew water out of both piezo-
meters for 8 min. V. slow
recharge (101/1 hr.

29 Oct S*'L 12.1/15.3

i -

100

C-109



POJECT Chief jasSL , 82-RDI
LOCATION Left ibutment INSPECTOR wna

,EPTN O WE W.3' C 10RTICT "gave.
iPTN OF 0.1 */A - ,IATE SITARIT 6 Oct 82

ROCK WILLED N/A SATE COSPLETED ' no
S CORE RECOVERED _A SOFACE It.
SIAN. NOLE o 364,164 1 2,291,655
EQUIPIEIT Mobile -80 Rotarv ash

CORE DSCRIPTION OF MATERIALS RENARKS
a %a ll aleliatg &. erg& ef slo as Sar$
E, 191 ,,,a,, .. , ., hd.i .t e ia,, ,. a , StartPleaticlar : I. Us ,c a~l 8.l'.. 0l11l',

S S CI tlaeim, $Is* a TIS e of Bit. Actioa of
T usilL, bt at a tratle S ater

S ois tsP Lilne N etuse Water Calr. Dilltal
Coeor pluid Sats. etc.

Sandy cobbly GRAVEL v/silt, Drilled w/I3" tricone bit,
C-GM, Occ. boulders (1.5') water circulation, 4" casing.

958.1 -.angular), (loose), (dry)
-- 4-- lt. br. (ROCK RIUBLE FILL). Samples A-I taken v/2" split-

- - spoon drive sampler using
10 . 1400 bamer.

Sandy clayey SILT.ML, v/ Drilling slov. DFR O to 5.0'
gravel (fine-coarse, rounded 6 Oct VL DRY
angular), SL. Plastic. Hard,
Moist, GR/BR. (Impervious 7 Oct WL DRY
Core) Drilling becomes easy, rapid

942.8 20 On DF. IOOZ
7 Oct VL - 14.3'

TOTAL DEPTH 20.3' 8 Oct
Installed 2h" I.D. SCH 80. PVC
Pipe slotted, 10.0'-19.4.
Placed surface seal (cement

30 + AL. Poder), CS to 6.5'.
Slow water from piezometer
for 5 min.
Removed drill casing.

40

50

60

70

8o

90

C-110



PROJECT ahlcE joh pas MOLE NO. 8-D-1
LOCATION Left Abutment INSPEC7OR Srb
DEPTU OF MOLE- in 12 CONTRACTOR 12OtS
DEPTIN OF SD. D59 ATE STARTED 12ctS
ROCK DRILLED 12.3' SATE COMPLETED 13 Oct 62
S CORE RECOVERED 100 SURFACE EL. 939.1t _. 1
SIAN. HOLE 4"/3" N 364,449 E 2,291,417
EquipMENT Hab 1@ 1-S0. Rotary Wash _____________

CORE DESCRIPTION OF MATERIALS REMARKS

0 j 00 ll 5tstcto 1..g elt&.l Deco t sacle t Start

3rU1. lte of .Well a.
t.or Rat,,.Vt.~lf tl~

Silty an dy, cobb ly GRAVEL, Ove rburden drilled v/3h"

(angular), loose, dry, It. tion, 4" casing. Sample A

928.7 10 drive sampler & 3604 omr

GP-QI, 0cc. boulders (1.5) Rough grintding drIl,
(angular). NP, (loose), It. DIR 502

92. V. (ROCK RUBBLE FILL). 12 Oct WL-C.S.

910. D GRANITE," white. v. hard, 13 Oct. VI. DRY
fresh, widely spaced joints. Began coring w1/XW core bbl.
moderately rough, v. slight- A diamond bit.
ly FeO stained, 0cc. lightly Runs A-D DPR 902
infilled v/calcite, joint

40angles gen. 5-20 degrees 13 act VI. 9.9'
40 from horizontal.

TOTAL DEPTH 28.2' 14 Oct VI. 15.98
Installed 24" I.D., SCH 80,
PVC pipe slotted, 9 1.0'

so Intervals, 10.0'-28.1'.
Removed drill casing.
Blew water out of piezometer
for 5 min.

14 Oct VI. 21.9'
6029 Oct SWI. 22.6'

(7

soIl



i ~ ~ ~ - - -,1 --. rI f i INir•U!

PROJECT Chief Joseph Dam; OLE NO.
LOCATION Left AhutINinSPCTO a
DEPTHN OF OLE 56.4' CONTRACTOi !..
DEPTH OF 0.9. 33.2 SATE iTAITE 16 Olt 23
ROCK DRILLED 23.2' SATE COSPLIETED- IL f- i'
S CORE RECOVIRED 962 SURFACE EL. %6
DIAN. ROLE 4"/3" E 1i E
EQUIPNIT Moblle 1-80 Rotary hagh

CORE DESCRIPTION OF MATERIALS REMARKS

d itim ai Wlel at lStarftm kit l 5, hi e e hi k llt hi 0 D lllj
S ~ ~ ~ ~ ~ o So6 itsetaete A ga*is, a

N S L O W $ i i T i m , St a e A 5 1 y I t le e el f]T lmaelre Drill. Ust of sletraties. 6 Viler
N LIFT L11t4ie or Seip . motor Coli. killing

Color ?laid Date. etc.

Sandy cobbly (11") GRAVEL Overburden drilled vith 32"
v/silt €P-GM, occ. boulders tricone bit, water circula-
(1.'). loose, dry, It. br. tion, 4" csin*. Sample A

959.1 - - ROCK RUBBLE FILLL___ -Y/3" splitapoon drive sampler
& 360 hamer. Samples I-D

10 v/2" splitspoon drive sampler
& 1404 hamer.
Drilling slow, difficult
DiR. 802
4l Oct WI CS

Sandy GRAVEL, CP, Fline- 15 Oct VI 5.3'
201 a coarse, rounded, scattered Drilling, grinding, easy

cobbles (5"), med., vet, it DR. 402
hr. Isolated gravelly, 15 Oct WIL 8.1
sandy SILT, 1I., 25.0-26.0'
A 27.8-29.7'. (GRAVEL FILT )

30 TOP OF ROCK 33.2

", "76 Oct VL 10.2
932.4 rGRANhiITE bedrock white, very Began coring @ 35.5 v/47111J

bard, fresh, closely spaced core bbl. & diamond bit.
joints 35.01-44.0' & 54.0'- Runs A-B DFR. 902

40 56.4', v. closely spaced
B 44.4'-45.6' & 51.5'-52.4', 16 Oct VIL 9.7

widely spaced 46.O'-51.5'.
Joints Sen. smooth to

C moderately rough, SL. PO 18 Oct WIL 11.2
- stained. Occ. infilled by Runs C-K DFR. 902

50 D calcite, elickenslided 150 Installed 2h" I.D. SCH. 80
gouge, 41.5'. Joint PVC pipe.slotted at 1.0'
angels Sen. 30-40 degrees intervals, 46.0'-56.0'.

g from horizontal. Placed seal (bentonite pellet
909.2 ..3040-0 ' Installed 1-1/8S

I.D. SCR 40, PVC pipe slotted
60 at 1.0' intervals, 10.0'-

25.0'.
Removed drill casing.
18 Oct IL 11.9'

TOTAL DEPTH - 56.4'. 19 Oct 0800 4I, 14.6'
70 lew water out of lower stage

for 10 iln. WI returned froz
57.2'-13.1' in 30 xin.

19 Oct 1600 SVIL 11.3'

90

C-11



PFOJECT_ asef Joseph pA- HOLE NO. -- ,,

LOCATION tee Abutment INSPECTOR____I_._
SDEPTN OF MOLE 40.0' CONTRACTOR r-'
DIPTN OF $.1. 37.1' DATE STARTED 20 Oct 82
ROCK MILLED 2.9' SATE COMPLETED 23 Oct 82
5 CORE RECOVERED N/A SURFACE EL. 956.31
SIAN. ROLE " N 364.,330 E 2,291,653
EQU IPENIT Mobile 5-80

coRl E SCRIPTION Of MATERIALS REMARIS
Jlvle II | Castel Dept%. ooitb at . at start

PT |1114 of |6t Sii t ir to-*. a Sot
Neib~~~~ I"oiirug * t gec $bSri~it% & I.e. brlillag

aNtotio Tim. $Lae a *I[t at it. icties of
IFT q *r@ "l'V'e .a.s Or h',lr atr. CoLor. prillifai

C.i10 flvid Data, etc,
Sandy, Cobbly Gravel, w/Shi! Overburden Drilled v/3h"

953.3 - P-G .Tricone, Water Circulation,
Occ boulders (.5'), Loose. 4" Casing.
Dry. (RtOC RUBBLE FILL) Samples A-B v/3" Split Spoon

- - Drive Sampler A 3601 Hamber.

A Sandy, Cobbly GRAVEL, G?, Very Difficult Slow Drilling.
/Occ. Boulder (.3), Loose- DFR OZ

Dense, Lt. Br. (ROCK RUBBLE -20 Oct 82 VI DRY
FILL). 21 Oct 82 VL DRY

Difficult Drill
DYE O%
21 Oct 82 VL DRY
22 Oct 82 UL DRY
Difficult Drill
DFR 0
22 Oct 82 VL 20.7

922.3 0.. Madj , C g' -- 23 Oct 82 VL 29.5'

919.3 et. Lt. Br.) 23 Oct 82
Top of Rock 37.0'

916.3 M
"GRAmnTE"

Total Depth 40.0' 28 Oct 82 W. 35.7
Slev Water Out of Piezometer
for 8 Min.

28 Oct 82 1". 35.7

29 Oct 82 SWL 35.7

Installed 2h I.D., SCH. 80,
P.V.C. Pipe Slotted @ 1.0'

Intervals, 10.0'-40.0:

Removed drill casing.

0

( _

s-i is



PSOJECT Chief o,,ph f ,a.- IL N. R2-L No
LOCATION Wtat on INSPECToR -irm,
SEP13 OF NOLL 37.3' ONTIACTOI e,,
DEPTI OF O.3. 72' DATE STATED 2S Oct 21
IIOC DRILLED 23.3' DATE COMPLETED 27 Oct 82
% CORE RECOVERED 1002 SURFACE EL. 9&229
DIAN. NOLL 4"/3" 1 364355 1

EQUIPMENT Mobile "0 Rotary Wash.
I CORE DESCRIPTION OF MATERIALS REMARKS

S * 6 Soils Clasiltesmie Cali slkg, 0 : kt of Now s slota
Ea t ie t ? 4 1.d O S id l t e r i Sago Ib ill

P~ ~ &0 le f goci bkiatio 18 | 0it, ltlol

T N LOWS Ceiloo tim . ai. ?T of i, it . ot
m I r till. ot. of setratie. b Slier

iF? No'''" Lss or Selete. Vit Colo, DsiaiM
Color Pield Dais, etc.

Silty SAND, SM, Very Fine, Overburden drilled v/1"
NP, Medium, Dry, Lt. Irmm. Tri-cene Bit, Water Circulatio

4" Casing. Sample "A" Taken
Top of lock 7.2 w/2" Split Spoon Drive Sampler

935.6 fsing 140# Hamer.
A 'Granite" (Lamprop"u, 7.2'- Smooth, Even, Easy Drill.DFR-

10.8'). Dark Cray-White, 802
Fresh, Hard-V. Hard, Joints 25 Oct 82 VL 1.4'

B Widely Spaced 7.2' - 24.5';
losely Spaced 24.5' - 27.3'

C Very Closely Spaced 27.3' -
32.5'.

D

30 '26 Oct 82 WL DRY
F Begin Coring at 8.1 v/NXRI

910.3 Corebbl & Diamond Sit.
;en. Smooth to Moderately Core Runa h-E DFR 1002
Rough, Slightly EO Stained, 26 Oct 82 WI 5.8
cc. Lightly Infilled v/

40 Icite, Faintly Slicken- 27 Oct 82 VIL 22.6
ided. Joint Angles Gen. Run F DFR 100
5 - 70 degrees from Boriz. 27 Oct 82 WI 22.6'

otal Depth 32.5' 28 Oct 82 WI. 29.0'
so Blev Water From Plezormeter

for 8 mmn.

28 Oct 82 WL 29.0'

29 Oct 82 SWL 29.1

60 Installed 2h" I.D. SCR 80

P.V.C. Pipe, Slotted 2 1.0'
Intervals, 7.0'-32.5'.
Removed drill casing.

70

80

90

100

C-114



PROJECT chief Joseph Dam ROLE go. 8-PU)-16
LOCATION tAft A INSPECTO R r .Za.
DEPTlI OF SOLE ,-.' CONTRACTOR __ _ __,

SEPT3 OF 0.1. 16,8' DATE STARTED 27 Oct A"

ROCK KILLED IDS DATE COMPLETED 26 Oct 8
S CORE RECOVERED 1001 SURFACE EL. 941.6
SJAN. IOLE 4"/3" N 364.420 E
EQUIPMENT Mobile 1-80 Rotary Wash

CORE DESCRIPTION OF MATERIALS REMARKS
tlf il lo Cllllf~catl" Niel Owns. laS of % I at start

A~ ~ - flntIii ifs t,,1tr L...1 at StartJO l~it L h at SI~to later C.:eL Sv ,ilre
4m~ lld icily 1." its a #al. oslilq

INSLOWS c ilo'tI ti. Sil TIC lrl I ii. hcl.sIme

IFT blat., Drill of e.Vaa1~. $ 41at
Calm. Lstd Dat. etc.

Sandy, cobbly GRAVEL 'a/silt Overburden drilled v/3i,"
Cl-GM (angular) (loose), tricone bit, water circulatio
(dry), Lt. Br. (ROCK RUBBLE 4" casing. Sample A v/2"
FILL) split spoon drive sampler &

1401 hammer.
932.6 10 --- Tandy GRAVEL. GP, (fine to "brilling slow difficult

coarse, rounded), v/occ. DFR 902
cobbles), dense. 27 Oct 82 WL 1.4'
TOp OF iOC 16.8

924.8
'GRANITE" (LAMPROPHTRE, 16.8' 28 Oct 82 IL DRY

A to 25.0') dark gray to vhit ,Drilling continues slow,
fresh. hard-v. hard. Joints difficult DFR 02
videly spaced, smooth to Began coring 0 18.2 vI/N7J

B moderately rough, very core bbl. & diamond bit.
slightly 1.O stained, Installed :2%"I.D., SCH 80,

913.3 ngles gen. 35-50 degrees .EVC pipe slotted @ 1.0' inter
3 from horizontal. vals, 10.0'-28.3'.

Removed drill casing.
Blew water from piezouster

for 8 min.
28 Oct 1. 22.7'

40 TOTAL DEPTH 28.3' 29 Oct. S.1I 22.2'

so

60

70

90

C-1 15



PROJECT-chief Joseph Des n o. 112-0-3
LOCATION Left Oup INSPECTOR
SEPT1 OF POLE 4L81 ' CONTRACTOR CRl p1ap..

SEPTN OF U.S. 40.5 DATE STATES S November 19*
ROCK DRILLED 2.3' SATE COWLETEDLI Movealsr 1492

% CORE RECOVERED NIA SURFACE fL. 955.5
SIAM. ROLE low N 364.305 3
EQUIPWENT uozav~4 41 ih21 I,.ev..~

CORE DESCRIPTION OF MATERIALS REMARKS
0 Uit~~~~sl CI484licat loa ail31 .lghoBe sStr

P2.14a Sate $.a

gravels~~~~ and cobea c ihbch. rlld to
I12"I I SLOWSar 2' lwit 12" b ioit. Redcd o

Nov 

1982 

8

Silty SAND, GREL Gith 2" sarte 30 in' t u4

cobgael and braobb not 1ih982 o rlldt

12" (anular)7' writh 1ud b iReued o

10

.L. Slt d3.0y.

20

1 0 . -Si ty sa dy GR VE , 14 - 4 2 ng at 30

800"112)wtocainlWLDr

coble o ", row - -ovi9e



PROJECT- Chi* Roe aOLE NO. 0-21
LOCATION Left Abutmenlt INSPECTORS3. Bailey
DEPTH OF HOLE 44.0 CONTRACTOR Carl Pitts

*oErTN OF 0.3. 42.0' DATE STARTED 16 NOV 52
*ROCK DRILLED 2.0' DATE COMPLETED 19 Nov 02

% CORE RECOVERED V/A SURFACE EL.. gsio
DIAN. MOLE 10, N 364,324 E 229 51
EQUIPMENT_ Bucys -Er&ie 2L 4 v2.lO ls. string of tol

CORE DESCRIPTION OF MATERIALS REMARKS

E el lasa,. 11 . i o s Star'

1rse -ts &-i? Ticcc oobf let. Dryie

br BO$ eo atais 82 o

T1 Noisi82
. ... y Mo oor riie

0 Coor Baild hle. r.

so9m0 cobrle s 19 N"ad c ov 82h akhe

boulderle to 43.0' withlr)

10diu noow. telscpiglo

caron 

aloy sreen38.0

Silty ~ ~ ~ 3.' sadPuVZG. Caigflledwing to
1* ~ ~ ~ 3' Bale for/2 3/c hoursW.Dr

0 to 9-10averagedto2-2-e./1 gNovm.

brown.-i 7 Nv8



Mole ft. 87-PA-401

DRILL14G LOG -7-O 8TALLATIN lE

LPROJECT o. SiZE Ate TYPE OF mT -$- HOLLOW STEM
CHIEF JOSEPH DAM LT. EMBANKMENTL AmFOEEV7NSHWMNW U

2. LOCAT~o"MfI R'uS~
PE OEER VNS ALLATIONC.KRFCLA E4AINODK

& OWLING AGENCY MOBILE B-80 POWER AUGER
GOVERNMENT 87PA40 TOTAL N0.O *Vft 01.8' SLfKD L90GTIANKO

4. "mO 940. fAwfMdr.8MV M* 8-A41ISLDIE SAMPLES TAKEN 15 0
K L 0OAL MAWR COR SOXES 0

S. PNE OFILLER11M
BALES S. ELEVATI 081050 WATER 931,

W.~CTEIN Or MLE0. 16 DATE HOLE :SI TED 'CCNJPLETKD
JVERTCA. 0LIND - DG.FROM VET 4/17/87 4/20/87

_______________________________ ?. K(IVATCH TOP OF HOLE 970'
7. THON.ESS OF OVEA&JEEN 74' P.q r TOTAL CORE PRECOVEtY FORt bKmiG 0k
L. DEPTH MILLED iO ROCA .0 ILS.TOdATUE OF INPECTOR

9. TOTAL DEPTm Of mOLE 74", KAISER

ELEVATION DEPT4 LEGEND CLASSIFICATION OF PlATEfWALS 81ST boxC OR REAS

OPob ON7 SAL BAE OUS

SANDY GRAVEL 81/COBBLES (1-4 MEDIUM, MOIST, BROWN

SC CLAYEY SAND W/GRAVEL (FINE), 2' SPLIT SPOON SAMPLER

10DENSE. MOIST, LT. DROWN 11A DRIVEN BY 140- HAMMER

e N=49 30" DROP ITYPI

SC CLATEY SAND 81/GRAVEL, COBBLES, a: N= NUMBER OF BLOWS TO& 0CC. BOULDERS, VERYJI
DENSE, MOIST. LT. BROWN > ~ O DRIVE SAMPLE BARREL I FT.

9-

20 C

w Nt54

30 ,NS

CLAYEY SAND 81/GRAVEL IFiNE) l
SC DENSE, MOIST TO SATURATED. N=54

LT. BROWN
9 40 WATER 039.0' 4/18/87 x. h

4 POOL 0954.0' E: Nz3I

N-47

CLA'EY SAND W/OCC. GRAVEL *
- (2"), VERY DENSE, MOISI,

LT. BROWN- Nh

6 - SC CLAYEY SAND W/OCC. GRAVEL
(2"), SATURATED. LT. BRDWN Y~J L

4 Sc CLAYEY SAND, MEDIUM TO DENSE,
70LT. BROWN N~3

894.5 E~ 0l
BOTTOM 075.5' ON BOULDER N=36

POSSIBLI CONCRETE AUGER HEAD SHEARED

80

- 90 --

ENGFOR IS3 m~on orvomsAn mmiE. JuOSEPN DAM LT. EMS. 1"" 10-PA-401
um 71 LENAAE. CAO.O#4

c-la



,-~-- ~f

Hole No. 87-RD-401A

DALHG OG ISALLATERI SHEET I

L PROACT10. SIZE AND TYPE OF 07 4" TRICODNE
CHIEF JOSEPHI DAM LT. EMBANKMENT L DATUM FOR ELEVATIONI SHOWN1 ffR orA

2. LOCATION Ck*n or SA

PIEZOMETER INSTALLATION 12. gjAJ4FACTLfRERS DE304A151 OF DRILL1
3. DILLING AMNCT MOBILE B-so POWER AUGER

GOVERNMNT I. TOTAL NO. OrF~u OY[" jRTIUMD ;UNDTW8ED

4. HOL NO 87- RD4OIA.Vff SURDN SAMPLES TVr
Alf fftA~) 87-D-401A. TOTAL mumER cow soxcs2

5. W"A OF DRLLER BALES I. ELEVA71ON MROUND WATER 931
L IRCTO O HL HL AE OL ST MTED COMLETED

M. VTCAL4 EV wt01 - ~ DAT FRO VEY. 4,2 1/87 4/25/87
~ WTCA Q I~tCO010 IRN 11 . ELEVA71ON TOP OF "O0L. 970

1. THICKNESS Or WAINEMEN 79.5' TOTAL -CORW RECOVERY FOR SOPA 12.7'z
". DEPTH DLtLED 8410 ROO 2.5 W/ 10. 2 CONCRETE i. INATL OF 91SPfCTOR
". TOTAL DEPTHI OF HOLE. 92.2' KIE

ELE VATIOR DEPTHl LERD CLASSIFIATION Or MATERIALS IE BO O REMARKS
(M-4~Rb INST. NO, 1=1=1 = 11,t

970 2' ASPHALTIC CONCRETE ON

CLP E SAND AVERAE
SC COBBLES, MEDCIBULDRSDES.MOIST. L.O ROW

CLAYEY SAND W/GRAVEL
l- SC &CCOBBLES .E T8 O DENSEI,

LOIT, BROWN

200.

SC CLAYEY SAND /GRAVEL & 0C
30- C COBBLES (1.") DENSE MSART,

L. BROWN-

SC CL.AYEY SAND 1/GRAVEL &OC

COBLDES (IS1, DENSE.AURTD
ST RATDWN .BRW

500.

sc CLADIAMONDDBIT CORE

OULDEBARRE (1T),DPSE

BDRCK L.BRW

890.5T 80-:10

MAR 7A

c-l



Ho19 No. 87-RD-404
DRILLIIG LOG DIY0 ALLATON _5 1 UT

"HEFJOSEPH DAM LT. EMBAWMENT WE AM UTE Ff 4" TRICONE
t. LOCATION f~W40 W SAhOFmEEAIS .417 S

PIEZODfTER 1INSTALLATIONIt "ATRASEIGIONFDEL
3. COL" AGENCY MOBlILE 8-80 POWER AUGERGOVERNMENT Ol.I.OOV- GIO3 ISUM a

4HOENO,.A lA Oft 87RD404 MAIEN SAMPLES TAKEN

S. KOK OF Of LEt BALES IL 050 ELE0ATIO GONWATER

L DIRCTION Of HOLE1 1. DATE HOLE STARTED 5IS 0D1
M vEt~cL C310 ________ - ac. rom VENT. /8 CMLTD559

17. ELEVATION TOP OF MIL.E 970,
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Structural Excavation
Pre-Shear Testing

Chief Joseph Dam Additional Units
Contract DACW67-75-C-0077

This report is being prepared per request of Office Chief of Engineers
and the Seattle District Office, F & M Branch. This report will also

be included as part of the foundation report to be prepared at a later
date. This report covers the pre-shear testing for excavation of the
penstock slots and powerhouse addition excavation.

With the excavation in close proximity to an 6perating powerhouse and
directly beneath an intake structure with 75-feet of reservoir, strin-
gent blasting requirements were imposed in the contract.

The first requirement prior to any production pre-shearing was the
establishing of blasting criteria, hole spacing, loading, which
included spacing of explosives and weight of charges, and particle
velocity in both adjacent rock and concrete.

The specifications limited the contractor to 2-inch nominal diameter
blast holes, line holes or cushion blast holes. At the option of the
contractor, the diameter of the perimeter or pre-shear holes drilled
along the final design slopes could be increased up to 2 3/4-inches
in diameter provided the velocity of the explosive charge was the
same or higher and the size of the explosive charge was not greater
than that used in the 2-inch diameter holes.

Eight-foot maximum production lifts were established in critical areas.
Critical areas were those in which pre-shearing was to be accomplished
to produce neat line and final grades. Maximum lift thickness for non-
critical areas was 12-feet. Pre-shearing was accomplished with 24-foot
deep holes.

Particle velocities were established allowing the maximum particle

velocity at 20-feet to be 2-inches/second in rock and 4-inches/second
in adjacent concrete.

To allow the contractor maximum flexibility under the contract, specific
bid items were established. In both production and pre-shearing in
critical areas the contractor was paid by the lineal foot of drill hole
for rock excavation. In non-critical areas rock excavation was paid
for by the cubic yard. Production holes were required to be loaded where-
as pre-shear holes, either vertical or on a 450 slope, would be paid
for loaded or unloaded.

Rock in the excavation area is predominately a granodiorite. It is
moderately hard to bard. Joint spacing varies from less than 1" to
6-feet with an average of 1-2-feet. Some minor intrusions are scat-
tered throughout the excavation with variations of the granodiorite
ranging from a schistose to gneissic structure.
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The major joint sets are striking north 40-450 west and dipping 60-700
to the east and north 35-400 east and dipping 65-700 to the east.

This report basically covers the first portion of the blasting require-
ments which was the pre-shear testing. The objective of the pre-shear
testing was to obtain relatively smooth undamaged backslopes and to
eliminate any possible structural damage to the adjacent structures
through excessive particle velocities.

At the time test blasting was required there was not a suitable area
for experimentation outside the critical penstock slots. Testing, there-
fore, was conducted in the penstock slots of Units 24, 25, and 27. To
minimize damaging the final backslopes of the future 35-foot wide pen-
stock slots, the center portions were used.

Dimensions were 18-feet long by 18-19-feet wide. Due to the close-
moderate jointing of the rock 12 and 18-inch hole spacing was selected
although 9-inch hole spacing was used in one case. Upon completion of
testing the remaining portion of the penstock slot was shot to final
design slope using the optimum spacing and loading found in the testing.

The following is a description of each shot and the results. For
specific details of each shot, see the attached blasting report and
tabulation.

Pre-shear Test Shots Nos, 1 and 2

The first two tests were conducted in Penstock Slot 25. Due to the
structure of the rock, to better compare results and to expedite the
testing program, comparable loadings and hole spacings were used in
the same slot but reversed between Shots 1 and 2. Pre-shear holes
were shot simultaneously. Production holes were shot 150 milliseconds
after the pre-shear holes.

Upon removal of the production shot, there was very little difference
between the backslope as produced by the 12 and 18-inch center holes.
Some pre-shear hole casts were visible; complete drill holes were left
in the more massive rock. Some overbreak did occur, 6-9-inches, be-
tween the 18-inch spacing but no more than could be found between the
12-inch spaced holes. This indicated that the difference in hole spac-
ing in either shot had little effect on the backslope. Overbreak of
1-3-feet did occur at the top of the slope and was attributed to pre-
vious excavation, the single explosive charges at the bottom of each
hole or the confinement of the charge at a shallow depth with full stem-
ming.

Pre-shear Shot No. 3

Penstock Slot 24 was drilled with pre-shear holes spaced at 18-inches
on the right side and 12-inches on the left. Feeling that the pro-
duction shot was to close in time to the pre-shear and may have inhibited
the development of the maximum pre-shear plane in Shots 1 and 2, pre-
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shearing in Shot No. 3 was accomplished without a production shot.
Hole depths were increased to 24-feet as it was felt that the shallow-
ness of the holes in Shots 1 and 2 may have contributed to some of
the overbreak and that 24-foot deep holes would approximate that
used in actual production pre-shearing. As seismic vibration had been
exceeded in Shots 1 and 2, 9 millisecond delays were used between
every third loaded hole. On the side with 18-inch hole spacing every
hole was loaded and the same delay pattern as the 12-inch hole spacing.

Upon excavation, it was evident that the 18-inch pre-shear backslope
was much better developed than the 12-inch pre-shear backslope. Over-
break between holes and at the top of the slope were reduced over Test
Shots Nos. 1 and 2. Approximately 85% of the 18-inch pre-shear holes
were in evidence throughout the section. The 12-inch pre-shear wall
was irregular due to the intermediate hole being unloaded and the shear
plane did not in all cases pass through the unloaded hole. Breakage
occured both in front and behind the drill hole. Failure of the shear
plane to break through the unloaded hole was due to hole spacing and
not the structure of the rock. About 80% of the loaded holes were
left as casts.

Pre-shear Test Shot No. 4

Penstock Slot 24 was used for Test Shot No. 4. Hole spacing was re-
versed from Test Shot No. 3. All holes were loaded. String charges
of 70. Gelex No. 2 were taped to detonating cord. Again, to reduce
seismic vibration, 9 millisecond delays were used between every third
hole. Charges were staggered in adjacent holes. Stemming was used
in the top 4-feet of the hole.

After excavation little difference was noted between the 12 and 18-inch
pre-shear walls. Between 80-85% of the holes were in evidence. Breakage
between holes was good, with minimal overbreak occuring. Overbreak at
the top of the backslope was 1-2-feet behind the pre-shear line.

Pre-shear Test Shot No. 6

In Penstock Slot 25 all pre-shear holes were shot instantaneously with
150 millisecond delay between the pre-shear and production. This
method was necessary as it would have been difficult to have drilled
the production shot area at a later date. The backslope was well de-
veloped with minimal overbreak. Approximately 85-90% of the pre-shear
holes were left as casts. Loading of pre-shear holes was reduced from
.15 lbs/ft2 to .06 lbs/ft2 . Stemming was reduced to 2-feet in pre-
shear holes to allow more venting and reduce overbreak at the top o
the backslope. Pre-shearing was as well developed in Shot No. 6 as
that in Shot Nos. 1, 2, 3, and 4 for 18-inch hole spacing.
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Pre-shear Test Shot No. 7

The remainder of Penstock Slot 24 was shot in Shot No. 7. Shot No. 7
was loaded identically to that of Shot No. 6, the difference being a
5 millisecond delay placed between each fifth hole. Shot No. 7 was
delayed in this manner to compare pre-sheared backslopes developed by
firing instantaneously, as against backslopes developed by delaying
between holes. In examining the backslope of Shot No. 7 and comparing
it to other 18-inch backwalls, there appears to be very little differ-
ence.

Pre-shear Test Shot No. 8

To evaluate the possibility of eliminating overbreak at the top of
the backslope, Penstock Slot 27 was drilled with alternating 12-foot
and 24-foot deep holes on 9-inch centers with the 24-foot deep holes
loaded. Powder factors were reduced from .06 lbs/ft2 to .04 lbs/ft2,
anticipating that the unloaded holes would provide additional relief.
Unloaded holes were not stemmed. With the completion of excavation,
it could be seen that either the charge per hole was to light, or the
unloaded holes did not provide the relief expected. The pre-shear
plane broke in front of and behind the anticipated neat line and only
occasionally broke through the relief hole. The general condition
of the backslope was quite irregular and the overbreak at the top
of the backslope was not eliminated.

Test Shot No. 8 concluded the testing program. The following con-
clusions were used as criteria to establish basic pre-shear blasting:

1. In all test shots, 18-inch hole spacing developed backslopes
as well as 12-inch pre-shear backslopes. With economics of drilling
involved, 18-inch hole spacing was selected.

2. Stemming of pre-shear holes was minimized. Stemming depths
varied from a maximum of 9-feet to 2-feet in testing with 4-feet to
0 used during actual production pre-shearing. Due to the closely-to-
moderately jointed rock, it was felt that gases were causing some of
the overbreak, not only in the backslope, but at the top of the slope.
All pre-shear shots were henceforth allowed to vent.

3. Explosive charges per square foot were varied from .03 lb to
.15 lb. Optimum was felt to range between .07 of a lb to .12 lb per
square foot. As production pre-shearing progressed, explosive charges
were reduced to .07 lb per square foot.

4. Pre-shear was shot separately and well in advance of any pro-
duction shot. A delay sequence was not used as pre-shear was accom-
plished 2-3 days prior to production blasting.
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5. The question arose in regard to benefits from firing simul-
taneously or with some delay sequence between holes. It was shown
in test shots where little relief for pre-shear was available, par-
ticle velocities exceeded the specification requirements of 2-inches
per second at 20 feet. Delay sequences did attenuate the particle
velocity, but again not below specification requirements. A majority
of readings fell in the range of 4-5-inches per second. In production
pre-shearing, delays were held to 5 millisecond delays to minimize
time lapse. Pre-sheared backslopes created by delayed shots show
little difference than those of simultaneously fired backslopes.

In conclusion, the pre-shear backslopes are well developed. Some
overbreak did occur, not only in the backslope but at the top of
the slope. This overbreak was attributed mainly to the structure of
the rock, both in joint spacing and attitude at which the joints in-
tersected the pre-shear wall.
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POWDER DESCRIPTION

Dupont Tovex 200

Weight per stick 1 " x 12" = .58 lbs.
14" x 12" = .85 lbs.

Dupont Trimtex

Weight per stick 7/8" x 24" = .5 lbs.

Dupont Gelex 2 - 70% attached to 25 grain detonating cord

Weight per stick I" x 8" = .33 lbs.

Spacing 36" centers

Initiation of a firing sequence was accomplished by safety fuse and
cap with the safety fuse having a burning rate of 120 seconds per yard.

Detonating cord Ensign & Bickford 200 grain primacord & 25 grain
E cord for down lines

Delay sequences were established with both MS delay caps & MS connectors.

Stemming - Clean, minus No. 4 concrete sand.
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6.2 Objectives: Primary objective is to remove rock materials

in a manner that will leave rock outside of the excavajion limits
undisturbed and conforming as nearly as possible to lines and
grades shown on the drawings, or as directed. Breakage of rock,
ease of handling and conservation of effort are recognized as
objectives, but shall be considered as secondary to the objectives
stated above. It is the responsibility of the Contractor to con-
duct his operations so that the stated objectives are achieved.

6.3 Method of Excavation: Rock.excavation shall be accom-
plished by systematic drilling and blasting within the limitations
specified herein, except that rock excavation within existing
powerhouse skeleton bays 17 through 20 shall be accomplished by
methods other than blasting and in a manner as approved by the Con-
tracting Officer. Contractor shall employ 2-inch nominal diameter
holes, for blast holes, line holes and presplit or cushion blast
holes. At the option of the Contractor, the diameter of the perim-
eter holes drilled along final design slopes in areas I and 2

may be increased up to 2-3/4-inch diameter maximum provided the
velocity of explosives is the same or higher than that used for
2-inch holes and the size of the explosive charge is no greater

than that used for the 2-inch holes. Payment for the larger size
holes shall be at the unit price of the 2-inch diameter holes.

Deviation in hole alinement shall not exceed one-quarter of the
distance of the hole spacing or 6 inches, whichever is greater.

Blasting shall be to existing or "V"-cut blasted free
faces. Existing free faces shall be progressively modified to
face easterly or westerly. "V"-cut blasted faces shall face
east and west at right angles to the Intake Structure and shall
be initially created by blast holes not steeper than 45 degrees
(See sketch attached at end of this Section). With the approval
of the Contracting Officer, other blast patterns may be used in
excavating the penstock slots. Such proposed patterns shall

have been demonstrated to be patterns of least damage to rock
slopes in noncritical areas prior to their use in the penstock
slots. Contractor shall employ controlled blasting techniques

such as but not limited to, line drilling, cushion blasting ana

presplitting to control damage to the final cut faces. Prior to
excavation of the final face, Contractor shall conduct such con-
trolled experimental blasts in areas to be excavated away from

the face to acertain the optimum method of controlling rock

damage. Contracting Officer will monitor all blasting operations

to preclude damage to final rock faces and structures. Contracting

Officer will use vibration monitoring, photo comp.risons, instru-

mental structural alinement observations, deformeters and water

inflow data in rock slopes to control the blasting and prevent
progressive damage. Because damage to the Intake Structure and
underlying rock is the ' ,mulative sum of damage caused by this and
earlier contracts, plus stress changes Jnduced by structural addi-

tions and pool rise, each blast must be accomplished without any
recordable damage to the adjacent concrete stru-tures, the
foundation rock supporting the structures or to final design
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slopes. Rock farther than 10 feet from any final design slope
shall be blasted in lifts that do not exceed 12 feet using
vertical or near vertical blast holes (rock in rock excava-
tion areas 1 and 2). Rock within 10 feet horizontally of any
final design cut slope (areas 2 and 3) shall be blasted in
lifts 8 feet deep. Blast holes in area 3 shall be inclined
45 degrees and paralles to the design slope. These 8-foot lifts
shall not be blasted until the adjacent area 2 lift has been
blasted and excavated. Area 2 blast holes along the final
excavation line shall penefrate to the final design grade in
area 3 but shall not be loaded in area 3 except as may be per-
mitted by the Contracting Officer. Inflow test holes of
3 inches diameter shall be drilled from the top of each 8-foot
lift, as shown,
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before blasting adjacent rock. Gravity water inflow tests shall
be made before and after blasting as directed by the Contracting
Officer. Test consists of filling the hole with water and recording
the rate at which the water level drops.

6.3.1 All rock excavation in each penstock area shall be completed
to final grade and peripheral rock bolting completed prior to con-
struction of concrete pier for service deck or any temporary piers
on adjacent rock surfaces.

6.4 Blasting:

6.4.1 General: All blasting operations shall be performed in
accordance with the applicable provisions of Corps of Engineers
Manual EM 385-1-1, titled "GENERAL SAFETY REQUIREMENTS," as
amended except that firing of blasts electrically will not be
permitted. If one of the ammonium nitrate compound type of explo-
sives is used, storage and procedures for use shall conform to the
requirements set forth in the Bureau of Mines information Circular
8179, SAFETY RECOMMENDATIONS FOR SENSITIZED AMMONIUM NITRATE
BLASTING AGENTS. Blasting shall be used only as necessary to
loosen rock. Explosives shall not be used as a means to reduce
size of material or as a means of transporting material. The
Contractor shall submit his drilling and blasting plans to the
Contracting Officer for approval at least three (3) working days
prior to initiation of drilling operations in the applicable area.
Platns shall show hole positions, angles and depths, type and
quantity of explosives to be used and firing sequence, all relative
to existing stations and grades. No drilling or blasting will be
permitted without the Contracting Officer's approval. The work
shall be conducted in such a manner that rock outside excavation
limits and concrete structures will be undisturbed and the shape
of the excavation will conform as nearly as possible to lines
and grades shown on the drawings or as directed. No blasting
shall be done within 100 feet of concrete which has been in
place less than 7 days. If, in the opinion of the Contracting
Officer, the size of any proposed shot outside the 100-foot
area will disturb fresh concrete, the size of such shot shall
be reduced. When oncrete is older than 7 days, shots within
100 feet of the concrete shall be reduced as necessary so as
not to damage the concrete structure. Mats or other approved
means shall be employed as necessary to control flying rock and
pi. ant damage to structures or equipment. Whenever, in the
opinion of the Contracting Officer, further blasting, the
method of blasting, or size of a proposed shot may damage the
permanent rock face, rock bolts and drain holes; the existing
concrete; or the rock upon or against which concrete is to be
placed, the method or size of shot shall be modified to his
satisfaction or the use of explosives shall be discontinued
and the excavation shall be completed by wedging, barring,
channeling, and broaching or other suitable means.

6.4.2 Vibration Limitations: Proximity of rock excavation to
the intake structure and the necessity to maintain the structural
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integrity of the rock slope requires that limitations be placed
on Contractor's blasting operations so that damaging ground
vibrations will not be generated. At no time will blasting be
permitted which creates a vectorial sum of peak particle velocity
greater than 4 inches per second as measured on any of the
adjacent concrete structures o . appurtenances or 2 inches per
second on all final design rock faces at a distance of 20 feet
from the blast. Blasts shall be relatively small with respect
to pounds of explosives per delay and each delay shall
be separated by a minimum interval" of 10 milliseconds. The
Contracting Officer will instrumentally monitor any and all
blasts to determine the Contractor's compliance with peak part-
icle velocity limitations as specified and will promptly advise
the Contractor regarding required changes in his procedures.

6.4.3 Coordination: Contractor shall notify Contracting
Officer at least 2 hours in advance of each intended blast and
shall be responsible for coordination of detonation with the
monitoring station. Contractor shall maintain constant
telephone or other approved communication with personnel
manning the monitoring station during the final 5 minutes
prior to detonation to assure adequate monitoring. The blasting
shall not interfere with work of other Contractors or Govern-
ment operations.

6.5 Wire mesh protective screen shall be installed on excavated
rock faces 60 degrees or steeper vertical where the faces are 10
feet high or greater to protect personnel against possible falling
of loose or spalled rock until concrete is placed.

6.5.1 Wire mesh shall be chain link fabric conforming to Federal
Specifications RR-F-191G and RR-F-191/lA, Type I or II, 2-inch
mesh, 9 gage wire, knuckled selvage with 1.2 ounce coating for
type I and 0.40 ounce coating for type II.

6.5.2 Installatio-: Wire mesh shall be anchored at top edge
with anchor bars as shown. Wire mesh shall extend to within
2 feet of bottom of rock faces at all times until the rock is
covered with concrete. Mesh may be removed as concrete is
placed or may be left in place. All wire mesh exposed to view
after all concrete is placed shall be removed and will become
property of the Contractor and shall be removed from the project
site.

6.5.3 Payment: No separate payment will be for wire mesh and
all costs for furnishing installing and removal shall be included
in and considered incidental to rock excavation.

7. DENTAL EXCAVATION: Unsatisfactory material shall be
removed and disposed of as specified here-in-before in Paragraph
Excavation. Dental. The holes or cavities in the rock resulting
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